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ABSTRACT
Farmed blue foxes (Vulpes lagopus) are typically housed in mesh floor cages (115 × 105 ×
70 cm, L × W × H) furnished with an observation platform and an activity object. These
housing conditions have been considered too barren and inadequate to fulfil the foxes’
behavioural requirements. In particular, the mesh floor of the cage has been criticized.
The aim of the present work was to evaluate blue foxes’ willingness to utilise a sand floor
in addition to or instead of the mesh floor. The preference between a mesh floor and sand floor
was assessed in pair housed juvenile blue foxes in the autumn. The strength of this preference
was measured in different seasons and for various floor materials in autumn by using the price
elasticity of demand index. The price elasticity of demand for food was also assessed as a
yardstick for other resources. The priority between a sand floor, wooden block, nest box,
platform and extra space was assessed by measuring the maximum price for the first unit of
access to the resource. Another aim of the thesis was to evaluate the different methodologies
and measurements being utilised.
Blue foxes used all the available area, irrespective of the floor materials. They were also
willing to invest in visiting any area irrespective of the available floor materials or resource.
Juvenile blue foxes preferred to stay on a mesh floor when they were offered a free choice
between the mesh floor and a sand floor. They valued a floor material with a manipulatable
substrate (sand) more than a mere solid (concrete) floor. The price elasticity of demand for a
sand floor did not change between the seasons. Access to a sand floor encouraged performance
of certain specific behavioural patterns, in particularly digging and exploration, and reduced the
development of stereotypic behaviour. However, the sand floor is a fundamental change in the
fox cage and over the long run, blue foxes fouled the sand floor. Other manipulatable resources,
e.g. wooden block and nest box, may provide the same amount of enriching properties as the
sand floor and may be more practical modifications for incorporation into the current housing
environment.
There are many potential flaws inherent in methods for assessing animals’ preferences and
the strength of the preference. The price elasticity of demand index may not be applicable to
compare animals’ motivation for different resources in all situations. The price elasticity for
food, which is a commonly used yardstick for other resources, may not be an optimal yardstick
in blue foxes, because of their ability to tolerate starvation.
In conclusion, the present results together with earlier results fail to show that access to a
sand floor would unambiguously be indispensable and feasible resource to enhance the welfare
of farmborn blue foxes. In order to provide sufficient stimulation, the housing environment
should be first modified by other means than by introducing sand floor. Provision of other
manipulatable resources is recommended.
Universal Decimal Classification: 591.521, 591.615, 636.083.312.5, 636.934.2
CAB Thesaurus: animal behaviour; animal housing; cages; animal welfare; demand functions;
price elasticities; floors; floor type; sand; fur farming; motivation; conditioning; foxes; Vulpes

ACKNOWLEDGEMENTS
The present study was completed in the University of Kuopio in the Department of
Biosciences during years 2002-2008. The experiments were carried out in the Fur Animal
Research Station of University of Kuopio, in Juankoski (2002-2003) and in the Research Farm
of MTT Agrifood Research Finland, in Kannus (2005-2007).
The study was financially supported by Fur Animal Welfare Research Committee
(FAWRC), Finnish Fur Breeders’ Association, Finnish Animal Welfare Research School,
Finnish Ministry of Agriculture and Forestry, Finnish Cultural Foundation, Niemi Foundation,
Finnish Konkordia Fund, Jenny and Antti Wihuri Foundation, Foundation of Aino and August
Johannes Tiura and The Foundation of University of Kuopio.
I express sincere gratitude to my supervisors, Professor Jaakko Mononen, Docent Hannu
T. Korhonen and Professor Jan Ladewig. I am also grateful to the reviewers of the thesis, Dr.
Lindsay R. Matthews and Dr. Jonathan Cooper, for their constructive comments.
My dear colleagues Leena Ahola, Sari Hänninen, Mikko Järvinen, Paula Martiskainen,
Maarit Mohaibes, Teija Pyykönen and Leena Tuomisto have been supportive during these
years. I really appreciate the inspirational and good-humoured atmosphere we used to have.
My special thanks goes to my students Hanna Orjala, Elina Pekkarinen, Tuomas Ryhänen,
Elina Sutinen and Antti Turunen in the University of Kuopio and to Kirsi Kupsala in the
University of Oulu. Especially Hanna, Antti and Tuomas deserve special praise for doing a
great job in taking care of my foxes on the farms. Even though I was your supervisor, I may
actually have learned more than you while working with all of you.
Several persons have been involved in the practical implementation of my studies on both
farms and in the Department of Biosciences. Therefore, Pekka Eskeli, Martti Hallikainen,
Jaakko Huuki, Aimo Joki-Huuki, Erja Kattilakoski, Eija Korpela, Martti Koskinen, Hobo
Kukkonen, Hannu Kuutamo, Markku Leskinen, Maija Miskala, Heikki Niskanen, Rose-Marie
Nybondas, Olavi Riippa, Sakari Savolainen, Matti Tengval, Pekka Toikkanen, Antero
Tuomainen and Eero Uunila are gratefully acknowledged for practical assistance.
Vesa Kiviniemi did irreplaceable work in helping me with the statistical models. I am also
grateful to Ewen MacDonald for language editing services.
The productive discussions with Steffen Hansen, Anne Lene Hovland, Tommi Laukkanen
and Kalevi Paldanius affected much the way I saw my studies and results.
Kuopio, November 2009

LIST OF ORIGINAL PUBLICATIONS
This dissertation includes the following papers referred to in the text by their Roman numerals I
– V:
I Koistinen Tarja, Ahola Leena, Mononen Jaakko, 2008. Blue foxes’ preferences
between earth floor and wire mesh floor. Appl. Anim. Behav. Sci., 111, 38-53.
II Koistinen Tarja, Ahola Leena, Mononen Jaakko, 2007. Blue foxes’ motivation for
access to an earth floor measured by operant conditioning. Appl. Anim. Behav.
Sci. 107, 328-341.
III Koistinen Tarja, Mononen Jaakko, 2008. Blue foxes’ motivation to gain access to
solid floors and the effect of the floor material on their behaviour. Appl. Anim.
Behav. Sci. 113, 236-246.
IV Koistinen Tarja, Orjala Hanna, Mononen Jaakko, Korhonen Hannu T., 2009.
Position of operant cost affects blue foxes’ time budget between a sand floor and
mesh floor. Appl. Anim. Behav. Sci. 116, 266-272.
V Koistinen Tarja, Mononen Jaakko, Korhonen Hannu T., 2009. Relative value of a
platform, wooden block, nest box, sand floor and extra space as cage enrichment
in farmed blue foxes. (manuscript)
This thesis also contains previously unpublished data, FU (demand for food), AU (pilot
experiment to develop the test apparatus), IU (social preference) and IIU (behaviour during test
sessions).

CONTENTS
ABSTRACT
ACKNOWLEDGEMENTS
LIST OF ORIGINAL PUBLICATIONS
CONTENTS
1. INTRODUCTION ............................................................................................................. 11
2. REVIEW OF THE LITERATURE .................................................................................. 13
2.1 ASSESSING ANIMAL WELFARE BY MEASURING BEHAVIOURAL REQUIREMENTS .................. 13
2.1.1 Animal welfare concept .......................................................................................... 13
2.1.2 Motivation and need determine behavioural requirements ...................................... 14
2.1.3 Measuring behavioural requirements...................................................................... 15
2.1.3.1 Behaviour in the wild ..................................................................................... 16
2.1.3.2 Behavioural preferences ................................................................................ 16
2.1.3.3 Strength of the behavioural preferences ....................................................... 17
2.1.3.4 Discussion related to the measures of behavioural priorities ....................... 20
2.2 VULPES LAGOPUS IN THE WILD AND ON FARMS ................................................................ 23
2.2.1 The interaction of the Arctic fox with the ground in the wild ................................... 23
2.2.2 Tradition of blue fox farming .................................................................................. 24
2.2.3 Blue foxes’ preference between floor materials ....................................................... 27
2.3 EARLY STUDIES OF BEHAVIOURAL ECONOMICS IN FARMED BLUE FOXES ........................... 28
3 AIMS OF THE STUDY ..................................................................................................... 30
4 AN OVERVIEW OF THE STUDIES ............................................................................... 31
4.1 ETHICAL NOTE................................................................................................................ 31
4.2 FOXES AND FEEDING ....................................................................................................... 31
4.3 PREFERENCE BETWEEN THE MESH FLOOR AND SAND FLOOR (I) ......................................... 32
4.4 SOCIAL ENVIRONMENT IN THE PREFERENCE EXPERIMENT (IU) .......................................... 34
4.5 DEVELOPING AND TESTING THE APPARATUS FOR OPERANT EXPERIMENTS (AU, FU) ........... 36
4.6 DEMAND FOR A SAND FLOOR IN AUTUMN, WINTER AND SPRING (II) .................................. 41
4.7 BEHAVIOUR DURING TEST SESSION IN THE TEST APPARATUS (IIU) ..................................... 42
4.8 DEMAND FOR VARIOUS FLOOR MATERIALS (III) ............................................................... 44
4.9 DEMAND FOR A SAND FLOOR AND BACK TO A MESH FLOOR (IV) ....................................... 45
4.10 COMPARISON BETWEEN VARIOUS RESOURCES (V) ......................................................... 48
5 DISCUSSION ..................................................................................................................... 50
5.1 EVALUATION OF THE METHODOLOGIES ........................................................................... 50
5.1.1 Social context in floor material preference ............................................................. 50
5.1.2 Lever operandum and one-way door as operant responses ..................................... 51
5.1.3 Comparison between lever pressing and one-way door setups ................................ 52
5.1.4 Controlled versus uncontrolled reward magnitude .................................................. 53
5.1.5 Evaluation of the price elasticity of demand index .................................................. 56
5.1.6 Evaluation of the maximum price index .................................................................. 56
5.1.7 Food as a yardstick for other resources .................................................................. 58
5.1.8 Applicability of the results ...................................................................................... 60
5.2 BLUE FOXES’ PREFERENCES AND PRIORITIES BETWEEN FLOOR MATERIALS ....................... 61
5.2.1 Time budget between mesh floor and sand floor ..................................................... 61
5.2.2 Behaviour on different floor materials .................................................................... 62
5.2.2.1 Resting ............................................................................................................ 63
5.2.2.2 Digging ........................................................................................................... 63
5.2.2.3 Rooting ........................................................................................................... 66
5.2.2.4 Play ................................................................................................................. 67
5.2.2.5 Eliminative behaviour ................................................................................... 69
5.2.2.6 Stereotypies .................................................................................................... 69
5.2.3 Access to sand floor as an environmental enrichment ............................................. 71
5.2.4 Comparison between sand floor and other resources .............................................. 71
5.2.5 Welfare implications of access to a sand floor ........................................................ 72
6. CONCLUSIONS ............................................................................................................... 77
7. REFERENCES ................................................................................................................. 79
APPENDIX: ORIGINAL PUBLICATIONS I-V
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009) 11
1. INTRODUCTION
Animals are kept in captivity for several purposes, for food, for their fur, for scientific
research, for working and just for the pleasure of human beings. The housing environments of
captive animals are usually designed economically and practically from the human point of
view. However, we are ethically obliged to ensure the welfare of captive animals, irrespective
of the reason why the animals are maintained under man’s dominion. The housing environment
must be designed so that it is satisfying from the animals’ point of view, ensuring a sufficient
level of welfare.
Blue foxes (Vulpes lagopus, previously Alopex lagopus) are farmed for their furs. The
welfare of farmed blue foxes is of importance, since annually, there are around 7-11 million
foxes living on farms, with great majority being blue foxes (statistics from years 2005-2007,
Finnish Fur Breeders’ Association, 2008). More than half of these animals live in China, around
25% in Finland, with the majority of the remaining blue foxes housed in other European
countries.
In Europe, fur animal production is regulated by European recommendations (European
Convention, 1999) and national legislation (e.g. in Finland: Ministry of Agriculture and
Forestry, 16/EEO/1999), both intended to ensure a certain level of animal welfare. However,
regardless of the regulations and control, the welfare of fur animals has been regularly a matter
of intense public interest since the 1980’s. Scientific research has been demanded to evaluate
the welfare of farmed blue foxes in the current housing environment and to develop alternative
housing systems (European Convention, 1999; Nimon and Broom, 2001).
The environmental requirements of farmed blue foxes have been studied rather intensively
in recent years. This research has concentrated on the requirements for available area (e.g.
Korhonen et al., 2001a, b; Ahola et al., 2005); floor material preferences (e.g. Harri et al., 2000;
Korhonen et al., 2000, 2001a, b, 2003, 2004); use of cage furniture, i.e. platforms as a high
place for resting and observation (e.g. Korhonen et al., 1995, 1996; Mononen, 1996), nest boxes
as a hiding place and shelter (e.g. Mononen et al., 1996a; Jeppesen et al., 2000; Pedersen et al.,
2002; Korhonen et al., 2006); the use of activity objects like wooden blocks (e.g. Pedersen and
Jeppesen, 1999; Korhonen and Niemelä, 2000; Korhonen et al., 2002), toys (Pedersen, 2004)
and bones (Koistinen et al., 2009); and the social environment in juvenile (e.g. Ahola et al.,
2000, 2005) and breeding animals (Pyykönen et al., 2009).
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However, the behavioural preferences and priorities of farmed blue foxes are still
insufficiently documented. Two key questions are whether farmed blue foxes should have
access to an earth floor material (instead of or in addition to the commonly used mesh floor)
and whether the complexity of the fox cage should be increased in other means (European
Convention, 1999; Nimon and Broom, 2001). These cage modifications might enable more
complete performance of behavioural patterns that are seen in the wild conspecifics of blue
foxes, i.e. in the Arctic fox.
The behavioural preferences of captive animals can be measured by providing the animal
with a choice between the available alternatives (e.g. Broom and Johnson, 1993). The strength
of the preference can be quantified by measuring for how much the animal is willing to invest
to the choice. In these latter type of experiments, indices derived from human microeconomics
(e.g. Lea 1978; Dawkins, 1990), e.g. price elasticity of demand (e.g. Matthews and Ladewig,
1994) and the maximum price which will be paid for the first unit (reservation price) (e.g.
Hovland et al., 2008), are measured. Since these techniques provide good tools for measuring
animals’ behavioural priorities (Jensen and Pedersen, 2008), they are widely used in ethological
research (e.g. Holm et al., 2002; Hovland et al., 2006). However, these methodologies are not
fully validated (e.g. Kirkden et al., 2003; Jensen and Pedersen, 2008), and therefore, whenever
used, also the validity of the methodology needs to be evaluated.
The main aim of the present work was to assess blue foxes’ preferences and priorities for
floor materials by comparing mesh floor and sand floor. In addition, the methodologies used in
the original publications were evaluated.
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009) 13
2. REVIEW OF THE LITERATURE
2.1 Assessing animal welfare by measuring behavioural requirements
2.1.1 Animal welfare concept
Animal welfare is a complex concept. No true scientific agreement for a definition of
animal welfare has been achieved, although this is crucial if one wishes to assess the welfare
state objectively (e.g. Duncan and Fraser, 1997). Instead, several distinct animal welfare
concepts have been proposed, i.e. biological functioning, naturalness and subjective feelings.
The biological functioning emphasises health and “normal” functioning of the biological
systems (e.g. McGlone, 1993). Naturalness accentuates treating an animal according to its
“nature” and providing the possibility to perform a “full behavioural repertoire” of that species
(e.g. Rolling, 1993). The third view emphasizes the subjective experiences of the individual, i.e.
aims at removing unnecessary negative subjective feelings and attaining positive subjective
feelings (e.g. Duncan, 1993, 1996).
Attempts have been made to collate these distinct concepts. Already in the early years of
animal welfare science, the Brambell Committee stated that “Welfare is a wide term that
embraces both the physical and mental well-being of the animal” (Command paper 2836,
1965). At best, the united definition takes into account genetic adaptation of the species
(anatomy, physiology and behaviour) and behavioural adaptation of the individual, like learning
(Fraser et al., 1997). Thus, the welfare of an individual animal can be viewed as a result of a
continuous interaction between the animal and its environment.
A good level of welfare is not achieved in the absence of environmental challenges, but it
is an optimal level of challenges that is required (e.g. McFarland, 1989; Spruijt et al., 2001;
Korte et al., 2007; Morgan and Tromborg, 2007). Welfare is poor in a barren, stable and
predictable environment (hypostimulation), but also in an excessively variable and
unpredictable environment (hyperstimulation). Welfare is best ensured when the animal has a
broad psychological and behavioural capacity to control unpredictable challenges and the
animals’ regulatory range matches the environmental demands. Thus, the past and present
experiences of the animal will affect its current welfare (van der Harst, 2003, p. 16). In short,
Tarja Koistinen: Farmed blue foxes’ (Vulpes lagopus) need for a sand floor
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009)14
animal welfare is an individual’s subjective experience of its mental and physical state, which is
a consequence of its attempts to cope with its environment (Norges forskningsråd, 2005, p. 30).
Several animal welfare measurements, derived from the distinct concepts, have been
devised (see Broom and Johnson, 1993 for a comprehensive review). Welfare can be assessed
by measuring health, production, “normal” physiological functioning and behaviour of the
animal. However, in order to avoid naïve conclusions, it is better to include several different
measures in the conclusions of welfare state.
In the present thesis, animal behaviour, more specifically an animal’s behaviour reflecting
its subjective feelings, is used as the main measure of animal welfare. Since subjective
experiences cannot be directly measured (Duncan, 1996), the behavioural requirements were
measured by assessing the animals’ preferences and the strength of the preferences.
2.1.2 Motivation and need determine behavioural requirements
The animals’ ongoing behaviour is strongly linked to the prevailing motivational state, i.e.
the animals’ decision-making process. The motivational state determines whether a behaviour is
performed and the relative importance between different behaviours at a specific moment
(Jensen and Toates, 1993). The motivational state is affected by both the internal and external
factors (Hughes and Duncan, 1988). Sleep is a good example of behaviour that is mainly
internally motivated. In contrast, for example, avoidance of a predator is triggered by external
factors, because it occurs only after detecting a potential predator. Thus, the animal’s behaviour
is dependent on the prevailing internal state (e.g. hormonal state) and on the external
stimulation (Jensen and Toates, 1993).
The concept of motivation is usually linked to subjective feelings (e.g. Fraser and Duncan,
1998; Spruijt et al., 2001). Positive and negative feelings act as common currency on the
motivational system, while the animal is continually evaluating its current state and the
expected future states (Spruijt et al., 2001). The decision making will favour the activity which
yields the most benefit (reward) in future, considering the costs of the activity. It has also been
suggested that negative feelings motivate the performance of a behaviour when there is a threat
to the fitness (c.f. the fundamental needs above) (Fraser and Duncan, 1998). Positive feelings,
in turn, motivate non-essential behaviours when essential requirements are fulfilled and the
animal has an opportunity to perform the behaviour with low costs. Thus, negative affective
states (see Fraser and Duncan, 1998) are linked to need-driven behaviours, since the animal is
2 Review of the literature
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first willing to remove the negative feelings (Špinka, 2006). Only thereafter can positive
feelings be accommodated by performing positive-driven behaviours.
Behaviours with a high priority have been considered as behavioural needs. In theory, an
individual can have two kinds of needs (Feinberg, 1974, p. 165). First, the simple needs are
fundamental to the proper functioning of the individual. A biologist would name these kinds of
needs as immediate maintenance behaviours (see Friend, 1989) like eating, drinking and
sleeping. The other kinds of needs are not necessary for the immediate proper functioning of the
individual (Feinberg, 1974, p. 165). If these needs are not satisfied there are no immediate
consequences, but instead the performance of the behaviour can confer advantages over the
long run, and ultimately can impact on survival (Jensen and Toates, 1993). The latter type of
needs require interests and cognitive awareness, and the individual suffers if these needs are not
satisfied (Feinberg, 1974, p. 166). As pointed out, for example by Feinberg (1974), we have a
moral concern over the behavioural needs of the animals under man’s dominion.
There has been a scientific debate on the specific characteristics that a behavioural pattern
must have to be considered as a behavioural need (see e.g. Friend, 1989; Vinke, 2004; Vinke et
al., 2008). The following characteristics have been suggested: All individuals perform the
behaviour regularly (Vinke, 2004, p. 19). The prolonged denying of the performance of the
behaviour can induce chronic stress which can result in behavioural and physiological
disorders, e.g. stereotypical behaviour and increased hypothalamus-pituitary-adrenal-axis
(HPA-axis) activity (e.g. Broom and Johnson, 1993). The behaviour is internally motivated, i.e.
the behaviour is performed even without the presence of appropriate external cues (Friend,
1989; Weeks and Nicol, 2006) also called a vacuum activity (Hughes and Duncan, 1988). The
behaviour is performed in a high rate after a deprivation (Friend, 1989). The performance of the
behaviour is rewarding involving dopamine and opioid secretion (Spruijt et al., 2001).
2.1.3 Measuring behavioural requirements
Animals’ behavioural requirements can be evaluated by observing animals in their natural
environment, by subjecting them to a choice between different alternatives and by requiring
them to work for a specific behavioural pattern (e.g. Fraser and Matthews, 1997). Behaviours
that an animal chooses to perform in a choice situation are called preferences (Weeks and
Nicol, 2006). The willingness to work for the behaviour shows the strength of the behaviour.
Tarja Koistinen: Farmed blue foxes’ (Vulpes lagopus) need for a sand floor
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2.1.3.1 Behaviour in the wild
Observing animals in their natural environment or in a semi-natural environment reveal the
behavioural repertoire of the species (e.g. Fraser and Matthews, 1997). This repertoire can be
used to assign the behavioural patterns that may be valued in a more intensive environment (c.f.
welfare concept emphasising naturalness). However, it is worth to remind that the behavioural
requirements in captivity may slightly differ from those in the wild. The genotype and the
experiences of wild animals usually differ considerably from their domestic conspecifics (see
e.g. Price, 1999). Thus, domestic animals do not necessarily occupy their time conducting
similar activities as the wild individuals of the species (see Cooper and Albentosa, 2003, p 129).
2.1.3.2 Behavioural preferences
In a preference experiment, an animal can choose between different alternatives available
over a long term (e.g. Hughes, 1976; Harri et al., 2000) or the animal is subjected to a choice
(e.g. so called T maze), where it has to choose one of the alternatives in an instant (e.g.
Dawkins, 1981, Jensen et al., 2008). The animal is interpreted to prefer the environment or the
resource with which it spends most of its time (e.g. Harri et al., 2000) or which it chooses most
often (e.g. Jensen et al., 2008).
There are some weaknesses inherent in the preference experiment, which need to be
considered in order to avoid too naïve conclusions of the results. First, an animal makes choices
based on its immediate feelings (Duncan, 1992). The immediate feelings, i.e. short-term
welfare, may conflict with the long-term welfare of the animal (see examples in Broom and
Johnson, 1993, p. 157). This concerns especially short-term preference experiments. Second,
the animal may choose option A in 70% of the choices and the option B in 30% of the choices,
but this does not necessarily indicate that the 70% of A is more important than the 30% of B
(Duncan, 1978, 1992). This may just show that satiation occurs more rapidly for resource B, i.e.
the resource cannot be consumed more than 30% or the value of the consumption does not
increase after that point. For example, in the human context, it is easy to imagine that having a
shower once is very satisfying, but having a shower ten times in succession does not necessarily
increase the value of having showered once. Thus, preference tests underestimate activities that
take only a short time or resources which are consumed only in small quantities. Third, the
preference is relative to the available options (Duncan, 1978; Fraser et al., 1993). The most
preferred alternative may not always be available in the experiment, and the animal may be
2 Review of the literature
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forced to choose between unattractive alternatives. In some cases, the “unpreferred” option may
be perfectly acceptable. Furthermore, the animal’s choice between options A and B may change
depending on the availability of C (see discussion in Bateson, 2004). Thus the results of one
choice context can not be necessarily generalised to other contexts.
Fourth, the preference depends on the circumstances (Kirkden and Pajor, 2006). For
example, the physiological state, social environment or the outdoor temperature may affect the
animals’ choices. The preference between A an B may change as the animal matures and the
animal may prefer different environment in summer and winter. Therefore, the result of a
preference experiment can not be applied to all circumstances. Fifth, the earlier experiences of
an animal affect its later preferences (e.g. Hughes, 1976; Broom and Johnson, 1993, p. 145).
The animals tend to initially prefer the option which is most familiar to them. Sixth, the animal
may utilise the available options for different activities. Behavioural observations during the
test help interpreting the results (Duncan, 1993).
2.1.3.3 Strength of the behavioural preferences
The strength of a preference can be quantitatively assessed by measuring an animal’s
willingness to invest in that choice. This methodology is sometimes called an operant
conditioning technique (e.g. in Matthews and Ladewig, 1994), since it requires the animal to be
trained to perform an operant task (e.g. lever pressing) by utilising the principles of operant
conditioning learning, i.e. pairing a response to an unconditioned stimulus (Tarpy, 1997, p.
222). On the other hand, this methodology has been termed as behavioural economics, since the
principles of human microeconomics can be applied to the analysis of the data aimed at
assessing the strength of the preference, although the actual “marketing situation” is missing
from the animal experiments (e.g. Lea, 1978; Hursh, 1980, 1984; Dawkins, 1990). In human
microeconomics, it is measured for how much a consumer is willing to purchase the product at
a given price (Varian, 1996).
Irrespective of the terminology, the basic principle of the methodology is that the more the
animal is willing to invest for the performance of a specific behaviour or access to a resource,
the more the animal values the behaviour or the resource, respectively. This leads to
experiments where the animal works for access to a behaviour or a resource at several different
workloads in up to tens of test sessions. The relative workload to earn the resource can be
varied by altering the number of responses, e.g. lever presses (e.g. Matthews and Ladewig,
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1994), by varying the resistance of a one-way door (e.g. Cooper and Mason, 2000) or by
varying the reinforcement magnitude (e.g. Matthews and Champion, 2006).
Several indices of behavioural economics have been used (Fig. 1). The most widely used is
the price elasticity of demand (e.g. Matthews and Ladewig, 1994; Holm et al., 2002; Sherwin,
2004). The price elasticity of demand is the slope of the resulting curve when the consumption
of the resource is plotted as the co-ordinates against the workload. Technically, the price
elasticity of demand, also called demand elasticity, is the percentage change in the demanded
quantity divided by the corresponding percentage change in its own price (Begg et al., 2000, p.
58-60). In human microeconomics, a price elasticity of more than -1 is considered as elastic and
price elasticity between -1 and 0 is considered as inelastic, elasticity of exactly -1 is called unit-
elastic. The same rationale of interpreting coefficients has been applied in the animal welfare
science (e.g. Lea, 1978; Hursh, 1980; Dawkins, 1990), so that the coefficients form a
continuum from being absolutely essential to a totally irrelevant resource (Ladewig, 1997). The
elasticity coefficients for different resources have been advised to be compared against the
elasticity for a highly essential resource such as food (Dawkins, 1990).
The method of measuring single demand functions has been further developed so that it
incorporates a way of measuring the demand for two resources concurrently (e.g. Sørensen
2001; Koistinen, 2004; Holm, 2007) as a response to the criticism that the single demand
function may overestimate the demand for a resource, since the animal is left without choice in
the test situation (e.g. Ladewig and Matthews, 1996; Pedersen et al., 2005). This method
combines single demand curves and choice test, enabling a more valid comparison between two
resources than can be obtained by comparing elasticity coefficients assessed in separate test
sessions (Holm, 2007, p. 19). The concurrently measured demand functions generate a double
demand function in the co-ordinates. The cross point of the two demand functions is indicative
of the preference between the resources and reveal the extent of possible substitution between
the resources. Although this methodology is newly developed, it has been already used to
measure substitutability of different types of drinking water in rats (Sørensen, 2001; Koistinen,
2004; Holm et al., 2007) and to assess rooting material preferences in pigs (Pedersen and
Jensen, 2006; Holm et al., 2008). The concurrent reinforcing schedules are also in use in
experimental psychology (e.g. Lea and Roper, 1977; Johnson and Bickel, 2006), though not to
construct double demand functions such as the kind used in animal welfare science.
The area under the demand function (Fig. 1) has been suggested (Ng, 1990) and used to
illustrate the consumer surplus (e.g. Warburton and Mason, 2003). The consumer surplus must
be measured with boundaries on the demand axis (i.e. number of reinforcement or
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consumption) and not the price axis (Kirkden and Pajor, 2006). However, the area under the
curve of price against consumption has also bee utilised and named as “aggregate consumer
surplus” (e.g. Seaman et al., 2008).  The consumer surplus shows the expenditure an animal is
willing to invest for obtaining a given quantity of the resource (Kirkden et al., 2003).
Figure 1: A theoretical illustration of a demand curve (?) and a corresponding response curve (?).
The demand curve shows the price elasticity of demand. The area under the demand curve
(consumer surplus) could be measured with boundaries on the reinforcement y-axis. The end point
of the demand curve (workload 1000 in this example) shows the consumer surplus for the first unit
i.e. the reservation price or the maximum price paid. PMAX is the workload at which the number of
responses is highest (workload 100 in this example). The cross point (double demand function)
and breakpoint are not shown in the figure. Note the usually utilised logarithmic scales of the axes.
See further details of the various indices in the text. (Modified from Fig. 1 in Johnson and Bickel,
2006).
A special case of consumer surplus, i.e. the consumer surplus for the first unit, is called
reservation price index or maximum price paid (Fig. 1), the former being the term used in
human microeconomics and the latter in animal welfare science (Kirkden et al., 2003). An
animal is required to work for access to the resource at steadily increasing workloads in
successive test sessions until the session where the animal ceases to gain access to the resource.
The highest workload at which the animal gained access to the resource is the maximum price
paid (e.g. Hovland et al., 2008). The resource for which the animal paid the highest maximum
price is then interpreted as being the most important to the animal (e.g. Cooper and Mason,
2001; Warburton and Mason, 2003) or the relative importance of the resource is calculated as a
percentage of the maximum price for an essential behaviour, like food (Olsson and Keeling
2002; Hovland et al., 2008). The maximum price is a useful tool especially when evaluating the
value of a behaviour which can not be divided into smaller portions without interrupting the
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sequence (Jensen and Pedersen, 2008), e.g. social contact (Hovland, 2005) and dustbathing
(Olsson et al., 2002a), and when one wishes to measure the importance of having the resource
available at all (Kirkden et al., 2003).
The maximum price must be distinguished from the break point, which is obtained by
using a schedule of steadily increasing workloads within one test session (e.g. Lawrence and
Illius, 1989; Robinson et al., 1995). In this progressive ratio schedule, the workload increases
after every entry to the resource within one test session (Hodos, 1961), and not from session to
session as in the “maximum price schedule”. The break point is the workload reached at the
moment when the animal ceases responding within a previously set time limit between
responses (Hodos, 1961). Also, a combination of progressive ratio and maximum price ratio has
been used (Widowski and Duncan, 2000).
The peak responding, i.e. workload at which the total number of responses e.g. lever
presses for the resource, is highest is called the PMAX (Fig. 1) (e.g. Hursh et al., 1988; Hursh and
Winger, 1995). At the PMAX, responding ceases to increase, i.e. the peak response rate per
session has been achieved. The PMAX can be used to assess the correct workload schedule for
measuring price elasticity of demand (see Jensen and Pedersen, 2008). The workload at which
total responding ceases to increase should be the highest workload in the schedule when
measuring the price elasticity of demand, since until that point, increasing the number of
responses is the animal’s only feasible strategy to gain access to the resource.
2.1.3.4 Discussion related to the measures of behavioural priorities
Methodologies of behavioural economics need further validation and refinement. The
validity of these indices has been widely debated (e.g. Kirkden et al., 2003; Cooper, 2004;
Hovland, 2005; Jensen and Pedersen, 2008; Patterson-Kane et al., 2008). Most of the discussion
has been targeted at the evaluation of the price elasticity of demand and maximum price
indices. Since these measures are those used in the present work, the discussion related to these
measures will be reviewed.
The price elasticity of demand is based on the assumption, that an animal will defend the
rate of consumption against increasing workloads (Dawkins, 1990). This assumption has been
criticised on the basis that the animals’ willingness to defend the consumption level against
increasing workload is perfectly confounded by the animal’s tendency to become satiated with
the successive units of the resource (Kirkden et al., 2003). In other words, the more the animal
has consumed a resource, the less it will value the following unit of that resource. A rapid
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satiation at low workloads leads to a low price elasticity, which is interpreted as an animal’s
tendency to defend the consumption level against increasing workload i.e. it represents an
inelastic demand. A slow satiation, in turn, may lead to excessive consumption at low costs and
result in a steep slope, which is, then, interpreted as an elastic demand. Since the satiation rate
is different for different resources, the internal validity of the price elasticity index becomes
compromised (Kirkden et al., 2003).
In addition to the rate of satiation, the initial consumption level of the resources can affect
the internal validity of the price elasticity index (Kirkden et al., 2003). A resource which is used
just a few times or for a short period requires a minor part of the animal’s total energy or time
budget, whereas a resource which is used several times or extensively requires a greater
proportion of the animal’s total budget. If the resource is used only minimally, it is less costly
to defend the consumption level against increasing workload than if the resource is used a great
deal. The costliness of defending the consumption against increasing workload refers to the
quantity of other resources that remain unattainable because of the extra energy or time required
to maintain the consumption of the one particular resource. To simplify further, an animal is
required to give up more of other resources, when defending the consumption of a much
consumed resource than when defending consumption of a little consumed resource. Thus, the
price elasticity of demand tends to underestimate resources with a high initial consumption
level, and overestimate resources with a low initial consumption level (Kirkden et al., 2003).
Each price change will affect the real income level of the animal in the experimental
session (Hursh, 1980; Kirkden et al., 2003). In other words, when the price is high, the animal
must exert great efforts (e.g. spend the majority of the session duration in working) in order to
be able to consume the resource for a quantity A, but when the workload is low, the animal can
consume the resource for a quantity A with less effort and still have time to undertake other
activities. This can be interpreted as if a different income level was used at each workload, i.e.
on every point on the demand curve. Due to this so-called income effect of the price change
(Varian, 1996), the price elasticity of demand tends to underestimate normal goods and
overestimate inferior goods (Kirkden et al., 2003). The income effect, however, can be avoided
by using an experimental setup which ensures that the animal has enough time to be able to
perform the operant response as many times as it is motivated to (Jensen and Pedersen, 2008).
However, a long session duration poses another problem, i.e. it may induce a shortcoming
related to satiation, since animals have more time to consume “extra” at low workloads. Thus,
in order to avoid the usually occurring decline in responding (and motivation) within the test
session, short test sessions are recommended (McSweeney and Swindell, 1999).
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The price elasticity for a resource is not constant across all consumption levels of the
resource (Kirkden et al., 2003), but the price elasticity tends to increase with price when a
sufficiently wide workload schedule is utilized (e.g. Gunnarsson et al., 2000). Although, this
has been claimed to compromise the external validity of the index (Kirkden et al., 2003), it has
been suggested that varying elasticity is not problematic, since the constant part of the demand
curve can be used to assign the value of the resource (Jensen and Pedersen, 2008).
The price elasticity coefficient is specific to the income level, i.e. an animal may not be
willing to pay as much for the resource within a time budget e.g. session duration of 4 hours in
comparison to session duration of 8 hours (Kirkden et al., 2003). If it is not clear that the chosen
income level corresponds to the situation where the result is aimed to be applied, this will
potentially compromise the external validity of the price elasticity index.
Furthermore, a coherent scale to assess whether a demand is low, moderate or high is
missing (Patterson-Kane et al., 2008). The  -1 cut-off point of the price elasticity coefficient, for
example, has been claimed to be useless, based on the fact that elasticity coefficients usually
turn to being inelastic, i.e. more than -1, for virtually any resource (Kirkden and Pajor, 2006).
Even the performance of the operant response per se may be rewarding (Hovland, 2005). Thus,
some control for the performance of the operant response needs to be used, e.g. access to an
empty compartment (Cooper, 2004).
It has been suggested that consumer surplus should be used instead of price elasticity of
demand, because it does not suffer from all the flaws listed above for the price elasticity of
demand (Kirkden and Pajor, 2006). The consumer surplus for the first unit (maximum price)
shares only two flaws with the price elasticity of demand: it is specific to the income level and
susceptible to the income effect of the price change (Kirkden et al., 2003).
Irrespective of the index, it is difficult to assign a single value for a resource which applies
to all situations in real life. For example, the price elasticity coefficients are not absolute
(Ladewig, 1997). An animal’s willingness to pay for a resource depends, at least, upon the
animal’s earlier experiences (Cooper and Albentosa, 2003), physiological state (e.g.
approaching oviposition: Cooper and Appleby, 1996), deprivation level (e.g. food: Faure and
Lagadig, 1994; Schütz et al., 2006; water: Ladewig et al., 2002), social context (Sherwin, 2003)
and the simultaneous availability of other resources (Hursh, 1980). Furthermore, the animals of
different sex, age or breed may have different priorities (Bateson, 2004).
By taking these precautions, the price elasticity of demand and maximum price represent
useful tools for measuring an animal’s motivation for a resource (Jensen and Pedersen, 2008).
These measures are under-utilised in animal welfare science (Patterson-Kane et al., 2008).
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2.2 Vulpes lagopus in the wild and on farms
2.2.1 The interaction of the Arctic fox with the ground in the wild
Since the blue fox (Vulpes lagopus) was domesticated from the wild Arctic fox, the
behaviour of wild Arctic foxes must be used as a starting point when interpreting the behaviour
of farmed blue foxes (see chapter 2.1.3.1). The present work will concentrate on captive blue
foxes’ interaction with the floor material, and therefore, the literature concerning activities of
the wild conspecifics directed towards the ground are briefly reviewed here.
The wild Arctic fox is a small canidae, which inhabits the tundra zones in the circumpolar
region (Audet et al., 2002). It is physiologically and morphologically adapted to living in an
extreme and cold environment (Angerbjörn et al., 2004). The Arctic fox seeks shelter from the
extreme cold weather in winter also by behavioural adaptations, e.g. by digging lairs into the
snow (Prestrud, 1991) and burrows through the snow to the breeding dens (Eberhardt et al.,
1983; Prestrud, 1992a) to rest in.
The Arctic fox is usually solitary outside the breeding season (Angerbjörn et al., 2004), but
as the breeding season approaches in spring, a territory is established for breeding purposes
(Eberhardt et al., 1983). Arctic fox outlines the territory by scent marking the ground, this
behaviour being evident especially during breeding season (Eberhardt et al., 1982).
Around the breeding season, the use of the den becomes more frequent (Eberhard et al.,
1983). The breeding pair prepares usually an underground den for whelping (e.g. Chesemore,
1969). The den can be hundreds of years old and very complex, but the breeding pair digs new
entrances and enlarges the existing ones. The den area may be up to 1 000 m2 and there may be
more than 100 entrances (Dalerum et al., 2002), of 9 – 34 cm in diameter (Chesemore, 1969).
The dens are preferably excavated in sandy soil (Chesemore, 1969; Eide et al., 2001), possibly
of a specific grain size (Dalerum et al., 2002). The depth of unfrozen soil layer is usually deeper
in the denning area than in the neighbouring areas (Szor et al., 2008). The largest dens are
found from Fennoscandia (Sweden and Norway) because of the lack of permafrost which
would hinder excessive digging activities (Dalerum et al., 2002; Frafjord, 2003).
In the summer, the cubs are born in the den. The cubs start to move outside the den at the
age of four weeks (Garrott et al., 1984; Angerbjörn et al., 2004). Initially, the cubs restrict their
activities close to the denning area until an age of around eight weeks (Garrott et al., 1984).
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Both parents participate in rearing of the cubs until the cubs gradually start to reach
independence as the autumn proceeds (Angerbjörn et al., 2004).
The wild Arctic fox is a scavenger and a predator (Audet et al., 2002). In the summer, the
Arctic fox caches food left-over on the ground for later use, since food is scarce in the tundra
zone in winter (Fay and Stephenson, 1989; Frafjord, 1993; Angerbjörn et al., 2004). Nielsen
(1991), for example, describes an Arctic fox hiding newly trapped fish by digging a small hole
(10-15 cm in deep) with its front paws in the ground, placing the fish into the hole and covering
the hole “by pushing and patting the earth down with the nose”. In winter, the Arctic fox will
unearth the cached food items (e.g. Prestrud, 1991). The Arctic fox have been observed to
relocate and dig for food items even through icy snow drifts (Fay and Stephenson, 1989), or
through up to 70 cm deep layer of snow and a few cm of frozen soil (Frafjord, 1993). The
Arctic fox has also been observed to dig tunnels through 30-50 cm of snow to reach reindeer
carcasses (Prestrud, 1992b). However, compacted snow makes digging more difficult
(Kaikusalo and Angerbjörn, 1995). The Arctic fox can not dig fast enough to catch living prey,
e.g. rodents, through a deep layer of snow (Formozov, 1946 in Fay and Stephenson, 1989).
To sum up, an interaction with the ground seems to be a fundamental element in the
behaviour of V. lagopus. Wild Arctic foxes regularly dig into the ground in order to cache food,
construct a den or to explore the ground. Thus, it could be expected that the floor material is an
important factor of the housing environment in captivity and can affect the welfare of the foxes.
2.2.2 Tradition of blue fox farming
The first notes of farming foxes for their fur date back to the late 19th century (European
Commission, 2001). At the beginning of the small-scale fur farming, the captive foxes were
housed in large enclosures. This husbandry system was, however, abandoned when the more
intense, more hygienic and practical husbandry system of housing foxes in mesh cages was
developed. In 1941, Gunn and Deakin (1941, p 19) wrote: “In the early days, outside pens were
used extensively, then board floors were introduced to control lung-worms and finally wire
floors for the control of round worms and also to prevent the fur becoming stained with urine”.
However, it was also advised that, in order to increase locomotor activity, the foxes should have
access to a larger earth floor enclosure when housed in a mesh or wooden floor cage (Broberg
and Puustinen, 1931, p 51).
2 Review of the literature
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009) 25
At present, farmed blue foxes are typically (e.g. in Finland) housed in outdoor sheds (Fig.
2) or unheated barns. The current European recommendations require that there is a minimum
available area of 0.8 m2 for one adult fox, 1.2 m2 for a pair of juvenile foxes and 2.0 m2 for a
vixen with cubs (European Convention, 1999). The minimum height of the fox cage is 70 cm,
but there has been a call for research to clarify whether a higher cage could improve the welfare
of the foxes. In Finland, the European recommendations have been directly applied as
requirements, i.e. the minimum width of the cage is 75 cm, length 100 cm and height 70 cm for
an individual fox (Ministry of Agriculture and Forestry, 16/EEO/1999) (Fig. 3). There are only
minor differences in national legislation between the major European fox farming countries,
and the requirements do not considerably deviate from the European recommendations.
Figure 2. A view to a two-row outdoor fox shed.
According to the European recommendations (European Convention, 1999), the fox cage
shall include an object suitable for gnawing or some other occupational material, and an
elevated platform which can be used to observe the surroundings (see Fig. 3). These cage
constructions are required also in Finland (Ministry of Agriculture and Forestry, 16/EEO/1999).
On commercial fur farms, a mesh platform is usually permanent in the fox cage and the most
commonly used activity object is a wooden block. Blue foxes prefer mesh platforms compared
to those of wood, and they use the platform for resting and observing the surroundings for up to
25% of day (e.g. Harri et al., 1991; Korhonen et al., 1996; Mononen, 1996). Blue foxes interact
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frequently with the wooden block, a mean of 77 times in a day (Korhonen and Niemelä, 2000),
by carrying, chewing, poking and sniffing the block from 15 to 70 min in a day (Korhonen and
Niemelä, 2000; Korhonen et al., 2002). The wooden blocks and also straw stimulate play
behaviour and reduce the incidence of oral stereotypies (Korhonen et al., 2002).
Figure 3: A typical Finish fox cage measuring 115 × 105 × 70 cm (L × W × H), a blue fox sitting on
the mesh platform and two bones (cattle femur) as activity objects (instead of the usually available
wooden block) on the plastic coated wire mesh floor of the cage.
During the whelping season, the vixens must be provided with a nest box with two
compartments to give birth and nurse the cubs (European Convention, 1999). The nest boxes
are placed into the cages of breeding vixens one or two weeks before the expected delivery. The
vixen and the cubs stay considerably inside the nest box until the cubs are around four weeks
old (Mononen et al., 1999). Adult blue foxes use the nest box also outside the breeding season
if it is available (Jeppesen et al., 2000; Korhonen et al., 2006). It has been suggested that a year-
round access to a nest box might be beneficial for the welfare of farmed foxes (Hovland and
Bakken, 2000). However, later studies have shown that access to any shelter increases
fearfulness in juvenile (Pedersen et al., 2002) and adult blue foxes (Korhonen et al., 2006), and
may therefore compromise the welfare of these animals.
The European recommendations state that the floor of the fox cage must be stable and that
the floor material should be appropriate for the species concerned (European Convention,
1999). The size, age and weight of the animal need to be considered when evaluating a suitable
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floor material. Furthermore, the floor should be designed so that it is easy to evacuate droppings
and water should not pool on the floor. These two later properties being best achieved by mesh
floor. When mesh floor is used, the mesh size must be at a maximum of 11.5 cm2, and the wire
must be at minimum of 2.1 mm in diameter and plastic coated (Ministry of Agriculture and
Forestry, 16/EEO/1999).
2.2.3 Blue foxes’ preference between floor materials
The mesh floor of fox cages has been a matter of public concern. Although earth floor was
rejected during the first decades of fox farming, the most often suggested alternative for the
mesh floor is the earth floor, possibly, because people tend to believe that the most natural
environmental features are those most preferred by animals (Harri and Rekilä, 2001). In recent
years, there has been pressure to change legislation with respect to the floor material and/or
digging possibilities of the fox cages. Initiations in this direction have occurred in several
countries, e.g. Denmark, Germany, Sweden, The Netherlands and United Kingdom.
The floor material preferences of blue foxes have been studied in a few experiments.
These studies have shown that blue foxes which have been born on a mesh floor do use earth
floor whenever it is available but, spend more time on the mesh floor as measured by the time
allocation between the mesh floor and earth floor (Korhonen and Niemelä, 1996, 1997;
Korhonen et al., 1999, 2001a, b, 2003, 2004; Harri et al., 2000). In the total time allocation, the
preference for mesh floor is due to preference for resting on the mesh floor (e.g. Harri et al.,
2000). The preference between the floor materials is not evident during active time.
The early earth floor research has been criticized, since there were several confounding
factors in those experiments (Nimon and Broom, 2001, p. 233). First, most studies have not
concentrated only on the floor material, but other hypotheses have been simultaneously tested,
e.g. the effect of cage size or preference for elevated places. In some experiments, the foxes
have been provided with a relatively large (200 × 400 cm) earth floor enclosure but only a
traditional-size mesh cage (Korhonen and Niemelä, 1997) or a relatively small sand box (80 ×
40 cm) inside the traditional mesh cage (Korhonen et al., 2003, 2004). The two alternative floor
materials have been often situated at different elevations (Korhonen and Niemelä, 1996, 1997;
Korhonen et al., 1999; Harri et al., 2000). In some experiments, the earth floor has been situated
underneath the mesh cage (Korhonen et al., 1999, 2001a), which would be a practical solution
to provide an earth floor in the farm conditions but not a valid alternative in a preference
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experiment. Since the available area can affect locomotor activity (Korhonen et al., 2001a), the
foxes may choose the larger area when they are active, simply because it enables more
locomotor activities. The elevation of the cage (floor material), in turn, is crucial to the result,
because farmed blue fox prefer high places (Korhonen and Nimelä, 1996), irrespective of the
floor material (Harri et al., 2000). Due to these competing hypotheses, the results regarding the
effect of floor material are somewhat difficult to interpret. In order to obtain reliable results
only one variable should be varied at a time in preference experiment (Nicol, 1997). In any
floor material experiment, the floor material should be the only variable which is changed.
Second, the foxes have had first experience of the earth floor at weaning, at the age of 7-8
weeks (Korhonen and Niemelä, 1996, Korhonen et al., 2001a, b, 2003, 2004), at the age of 4-6
months (Korhonen and Niemelä, 1997) or when adults (Korhonen and Niemelä, 1997;
Korhonen et al., 1999; Harri et al., 2000). Since an animal’s earlier experiences will affect its
later preferences, i.e. the animal may initially prefer a familiar option (e.g. Dawkins, 1977), the
foxes should have an experience of both (or all) experimental floor materials from birth (Nimon
and Broom 2001). There is only one preliminary preference experiment (Skovgaard et al.,
1998), where blue foxes had had two floor materials, i.e. mesh floor and wooden floor,
available from birth. The foxes (n=5) spent around 92% of the observations on the wooden
floor at the age of three months, but thereafter tended to stay more on the mesh floor.
Third, the social organisation has differed considerably between the experiments, i.e. the
foxes have been housed individually (Korhonen and Niemelä, 1997; Korhonen et al., 1999,
2001a, 2003; Harri et al., 2000), in pairs of male foxes (Korhonen et al., 2001b, c) or in a group
of 30 foxes (Korhonen and Niemelä, 1996). Actually, in none of the experiments, were the
foxes housed in female-male –sibling pairs, i.e. the way that juvenile blue foxes (the majority of
the foxes on farms) are most commonly housed on commercial farms.
Fourth, the strength of the preference has not been assessed, i.e. the importance of the time
spent on the less preferred earth floor has not been assessed.
2.3 Early studies of behavioural economics in farmed blue foxes
Behavioural economics has been applied to farmed blue foxes in preliminary experiments
(Kasanen et al., 1998, Alakylmänen et al., 2001; Alakylmänen, 2002). The price elasticity of
demand was - 0.02 for food (Kasanen et al., 1998) and - 0.45 for a one minute period of an
unobstructed view (Alakylmänen et al., 2001).
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In these previous experiments in blue foxes (Kasanen et al., 1998; Alakylmänen et al.,
2001), the rewarding of the foxes was controlled manually, which made the experiments
extremely laborious, compared to those with an automatic reward control (e.g. in Hovland,
2005).
In the previous experiments (Kasanen et al., 1998; Alakylmänen et al., 2001), blue foxes
worked by pulling a loop operandum hanging from the wall of the cage. The foxes pulled the
loop operandum mainly by using their forepaws with a digging-like movement. This
operandum was originally designed for farmed silver foxes (Vulpes vulpes) (Mononen and
Harri, 1997) and has been successfully utilised in this species (see e.g. Hovland, 2005).
In a pilot experiment, another type of operant work, e.g. a one-way door was introduced in
blue foxes (Alakylmänen, 2002). In this experiment, the foxes passed successfully through the
one-way doors, to which could be added extra weights of four kilograms, in order to gain access
to a cage with an unobstructed view away from a cage with an obstructed view. The one-way
doors have been also utilised e.g. in farmed mink (e.g. Cooper and Mason, 2000).
The experience of the early operant testing indicated that this kind of methodology was
worthy of further development in farmed blue foxes.
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3 AIMS OF THE STUDY
The aim of the present thesis was to assess the need of farmed blue foxes for access to a
sand floor by measuring their preference between a mesh floor and sand floor, and by assessing
the strength of the preference. Measurements of behavioural economics were applied and this
represented a new research method in farmed blue foxes.
The detailed aims were:
? To measure blue foxes’ choices between a mesh floor and sand floor (I, IV)
? To compare blue foxes’ social preference to their floor material preference between
mesh floor and a sand floor (IU)
? To develop a test apparatus (AU)and experimental protocols (AU, IIU) for a lever
pressing setup in farmed blue fox in order to be able to measure the price elasticity of
demand for food (FU) and for access to various floor materials (AU, II, III)
? To assess the price elasticity of demand for food to be used as a yardstick for other
resources in farmed blue fox (FU)
? To assess the price elasticity of demand for access from a mesh floor to a sand floor and
to other solid floor materials (II, III)
? To develop a test cage and experimental protocol for a one-way door setup in farmed
blue fox to be able to measure the foxes’ willingness to work for access to a sand floor
and to leave the sand floor (IV) and to be able to measure maximum prices for various
resources (V)
? To compare the value of a sand floor with the value of different kinds of cage furniture,
i.e. platform, wooden block, nest box and extra space (V)
? To evaluate the welfare effects of access to a sand floor (I-V)
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4 AN OVERVIEW OF THE STUDIES
The central aims, materials and methods, and results of the studies are summarised below.
The unpublished data, i.e. demand for food (FU), pilot study to test the apparatus (AU), social
environment in the preference study (IU) and behaviour during test session (IIU), are presented
in detail. Details of the published studies (I – V) are presented in the attached original papers.
4.1 Ethical note
The experiments were approved by the Institutional Animal Care and Use Committee of
the University of Kuopio (FU, AU, I - III,) or by the Animal Care Committee of MTT Agrifood
Research Finland (IV - V). The experiments were carried out on the research farm of University
of Kuopio in Juankoski from summer 2002 to the end of year 2003 (FU, AU, I - III) and on the
research farm of the MTT Agrifood Research Finland in Kannus from summer 2005 to spring
2007 (IV - V).
4.2 Foxes and feeding
The subjects of the experiments were 102 blue foxes (Table 1). The foxes were born in
May or June in outdoor sheds in traditional mesh floor fox cages (115 × 105 × 70 cm, L × W ×
H) furnished with a nest box, platform and wooden block. At the age of seven or eight weeks,
they were separated from their mothers and non-experimental siblings and housed solitarily (II,
III) in pairs (I, FU, AU, IV) or in groups of three (V) until the start of the experiment. The
experiment or training for the experiment started at the foxes’ age of four weeks (I), 10-12
weeks (II - V) or one year (FU, AU).
The foxes were fed with a fresh fox feed two times a day from birth to October or
November, and thereafter once a day. The portion size was either close to ad libitum (I, IV, V)
or limited (AU, II, III) in order to maintain the foxes in slim physical fitness to facilitate daily
handling. No feed was available outside the training sessions for food (FU, II, III) and outside
test sessions in FU. Fresh water was available in all accessible cages.
Tarja Koistinen: Farmed blue foxes’ (Vulpes lagopus) need for a sand floor
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009)32
Table 1. A summary of the number and sex of foxes, study seasons, resources, reward size,
session duration, type of work and measured parameters in the FU, AU, and I - V. The number of
foxes in parenthesis shows the number of foxes for which the results were presented in the case if
it deviates from the number of foxes originally in the experiment.
Number
and sex
of foxes
Season Resourcea Rewardsize
Session
length
(hours)b
Type of
work
Measured
parameters
I
32,
i.e. 16 ?
+ ? pairs
Autumn 30 cm SF
 -  24  - Preference
Behaviourcde
Deprivation
FU 8 (7) ? Summer Food
1 or 1.4 g 2 lever
pressing Demand
AU 8 (7) ? Summer 50 cm SF
5 or 10
min
20 lever
pressing Demand
II
(IIU)
8 (6) ?
Autumn
Winter
Spring
30 cm SF
frozen SF
4 min 6 lever
pressing DemandBehaviource
III 8 (7) ? Autumn
30 cm SF
3-4 cm SF
Concrete
Mesh floor
4 min 3 lever
pressing Demand
Behaviource
IV 28 (27) ? Autumn 30 cm SF
not
controlled
24 one-way
door
Preference
Demand
Behaviource
V 10 ? Autumn –Winter
30 cm SF
platform
block
nest box
area
not
controlled
24 one-way
door Max price
Demand
Behavioure
a = Maximum depth of the sand floor (SF)
b = session length of 24 hours means that the foxes were housed in the test apparatus or test cage
c = General behavioural profile
d = Stereotypical behaviour
e = Interaction with the resource
4.3 Preference between the mesh floor and sand floor (I)
Aim
The aim of I was to measure whether juvenile pair housed blue foxes prefer to stay on a
mesh floor or on a sand floor.
Material and methods
From the age of eight weeks, the 16 male-female sibling pairs were housed in double cages
consisting of two fox cages. The cages were connected together through a hole in the walls
between the cages. Both cages were furnished with a platform. In the eight pairs of the control
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group, there was a plastic coated wire mesh floor in both cages throughout the study. In the
eight pairs of the sand floor group, there was a plastic coated wire mesh floor in one of the
cages and a 30 cm deep sand (particle size up to 10 mm) floor in the other cage (Fig. 4), except
during a 14-day period of sand floor deprivation (September), when there was a mesh floor in
both cages. The foxes’ behaviour was recorded for a 24 hour day in five occasions during the
autumn, i.e. in September (just before the deprivation), on 9th day of the derivation, on the 1st
day after deprivation, in October and in mid-December. The behaviour of the foxes was
analysed by using instantaneous sampling (Martin and Bateson, 1993) with a sampling interval
of five minutes, as has been recommended for farmed blue fox (Jauhiainen and Korhonen,
2005). An ethogram of wild Arctic fox (Frafjord, 1986) and ethograms utilised in the previous
experiments (in Korhonen et al., 2001a; b) were used in choosing the behavioural categories
(see Table 1 in I). The data was analysed by using Linear Mixed model (SPSS), with the pair of
foxes as a random effect and recording as repeated measure.
Figure 4. A juvenile blue fox entering a cage floor size sand floor in I. The consequences of
digging activity are seen in the corners of the sand box.
Results
The foxes moved readily between the sand floor and mesh floor and between two mesh
floors (Fig. 4). They chose to spend more time on the mesh floor than on the sand floor when
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they had a free choice between these materials. A 14-day deprivation of a cage increased the
time spent on the renewed sand floor more than the time spent on the renewed mesh floor.
The foxes preferred the mesh floor to the sand floor as a resting site, especially when the
sand floor was fouled and frozen in winter. The foxes tended to eliminate more on the sand than
mesh floor, although the result was not statistically significant.
The foxes dug for about 7 min per day (around 0.5 % of observations). Digging behaviour
was irregular and not all foxes were observed digging every day. The 14-day deprivation from
the sand floor increased digging behaviour after the deprivation. However, the foxes in the sand
floor group did not clearly prefer the sand floor to mesh floor as a digging (scratching) place.
The most common digging sites were close to the walls of the sand box (Fig. 4), especially
under the feeding tray. The deepest holes reached down to the bottom of the sand floor i.e. up to
30 cm. Deep tunnels into the sand were found on two sand floors in early winter.
The foxes spent 3-4% of observations rooting (sniffing).  The 14-day deprivation of a cage
increased rooting on the renewed sand floor, but not on the renewed mesh floor to the same
extent. However, no difference in the rooting activity was found between foxes having access
only to the mesh floor and foxes having access to both the mesh floor and sand floor. The foxes
in the sand floor group did not clearly prefer the sand floor to mesh floor as a rooting place.
Play constituted 2 – 3% of the observations. Access to a sand floor did not clearly
stimulate play behaviour more than access only to a mesh floor. The foxes did not prefer the
sand floor for play.
The foxes paid attention to the pebbles in the sand. Seven of the eight fox pairs carried
small stones from the sand floor to the mesh floor. The largest pile of pebbles was found from a
mesh floor cage in September and weighed over seven kilograms (63 pebbles). This number of
pebbles, however, underestimates the amount of pebbles the foxes carried from the sand floor
into the mesh floor cage, since the smallest pebbles fall through the mesh.
More stereotypic activity was found in the foxes of the control group than in the foxes of
the sand floor group. Stereotypic activity was rarely observed on the sand floor.
4.4 Social environment in the preference experiment (IU)
Aims
In IU it was hypothesised whether the social environment of housing two foxes in the
double cage conflicted with the floor material preference.
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Material and methods
The number of observations where the foxes were in the same cage of the double cage, i.e.
on the floor of the same cage, on the same platform or on the floor and platform in the same
cage, were calculated. The data (Fig. 5) was analysed by using Linear Mixed model (SPSS),
with the pair of foxes as a random effect and recording as repeated measure.
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Figure 5. The data of IU. The mean percentage of observations of the position of the two foxes in
the same cage bottom (SB), the same cage platform (SP), the same cage bottom and platform
(SBP), different cage bottoms (DB), different cage platforms (DP), different cage bottom and
platform (DBP) in the control and sand floor group in September i.e. before deprivation of the sand
floor (SEP), 9th day during deprivation (DDE), immediately after a 14-day deprivation (ADE),
October (OCT), December (DEC). In the statistical analysis, SB, SP and SBP were summed.
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Results
The two foxes were observed more often in the same cage of the double cage in the sand
floor group than in the control group (F1,14 = 35.2, P < 0.001) (Fig. 5). This difference between
groups was obvious in October and December (P < 0.001 in pairwise comparison), but not in
September. The observations in the same cage increased in the sand floor group (SEP vs. OCT
vs. DEC), but decreased in the control group (F2,28 = 12.8, P < 0.001) as the autumn proceeded.
In the deprivation setup (SEP vs. DDE vs. ADE), the foxes of both groups spent more time in
the same cage before the 14-day deprivation than during or after the deprivation (F2,28 = 6.9, P <
0.01). No significant difference between groups (F1,14 = 2.5, P > 0.05) or interaction between
group and recording (F2,28 = 1.8, P > 0.05) was found in the time spent in the same cage.
4.5 Developing and testing the apparatus for operant experiments (AU, FU)
Test apparatus
Four test apparatuses were built into an unheated fur animal barn. The four apparatuses
were simultaneously operated by a commercial control unit (Habitest, Coulbourn Instruments
Ltd, USA) and controlled by Graphic State 2.101 -software (Coulbourn Instruments Ltd, USA).
Each test apparatus consisted of a movable bottomless operant cage (Fig. 6). There was a
plastic coated wire mesh floor underneath the cage in the starting (middle) position. On both
sides of the mesh floor there was a box, made of plywood board, for the replaceable alternative
floor material. The cage was hanging from a rail. A motor, connected to the control unit, could
be used to move the cage from the middle position on the alternative floor material and back to
the middle. Microswitches informed the position of the operant cage to the control unit.
The operant cage was equipped with a lever operandum made of 5 mm thick aluminium
plate (Fig. 7). The lever was placed 14 cm above the floor level in order to encourage the foxes
to press the lever with a forepaw rather than with the muzzle. The minimum force needed to
operate the lever was set to 3 N. The successful operation of the lever was accompanied by a
brief auditory signal (click).
The motor, lever and microswitches which informed about the position of the cage were
connected to the software via the control unit. The software was programmed to count the lever
presses only in the middle position of the cage, and ignore the lever presses while the cage was
moving or staying on the alternative floor material. When a fox completed the required number
of lever presses (Fixed Ratio, FR; see description e.g. Tarpy 1997, p. 254), the software
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triggered the motor to move the cage from the middle position to the alternative floor material.
Since there was no fixed floor in the operant cage, the fox walked with the moving cage. After
the fixed visit duration, the cage moved back to the middle position. The cage movement lasted
for 14 seconds in each direction and included a mild noise from the motor.
Figure 6. The test apparatus with the moving cage, stationary mesh floor and two floor material
boxes (AU, II, III). The lever operandum is shown in the inset (and also in the Fig. 7). Drawing: P.
Martiskainen.
Figure 7. The aluminium lever operandum and a blue fox.
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In order to ensure safety of the foxes, the test apparatuses were equipped with an alarm
system. If the cage movement was prevented by the fox (or a pebble or accumulating sand), a
microswitch caused the software to switch off the power from the motor. Consequently the cage
movement stopped immediately and the researcher was alerted by an automatic signal.
A customised feeder could be temporarily installed in two of the operant cages. The
feeders were connected to the software. After the required number of lever presses, the feeder
delivered a feed reward (Super-Siitosrae, Suomen Rehu, Finland) of 1 g or 1.4 g pellets into a
feeding cup (7.0 × 7.5 × 5.0 cm, W × L × H) inside the operant cage. The feeding cup situated
at 14 cm above the cage floor level, next to the water bowl. The feeders were utilised during
training of the foxes (FU, AU, II, III) and in the food experiment (FU).
Methods of the food experiment (FU)
The food experiment was aimed to measure the price elasticity of demand for food in adult
blue foxes. The demand for food was aimed to be utilised as a yardstick for other resources as
has been suggested (e.g. Dawkins, 1990).
The eight adult foxes were singly housed in traditional mesh floor fox cages in a shed
close to the barn where the test apparatuses were situated. The home cages were furnished with
a platform and wooden block. The foxes were transferred to the test apparatuses only for the
training and test sessions. The foxes were trained to press the lever for feed reward. Shaping,
i.e. rewarding successive approximations of the response (see Tarpy, 1997, p. 242) was used.
The foxes were trained after a 22 h food restriction in test sessions lasting for 1-2 hours.
In the experiment, the foxes worked for food rewards every second day (i.e. after food
deprivation of 46 h) for two hours on one of the following workloads: FR5, 10, 20, 30 or 40.
The FR sequence was repeated in a random order for three times. Both the number of food
rewards and the total amount of food consumed were measured.
Methods of testing the sand floor protocol (AU)
First, I aimed to test the newly developed test apparatus and design the experimental
protocol for the experiments measuring blue foxes demand for a sand floor. The adult foxes
were singly housed in traditional mesh floor fox cages in a shed close to the barn where the test
apparatuses were situated. The home cages were furnished with a platform and wooden block.
The foxes were transferred to the test apparatuses only for the experimental sessions.
Four foxes were trained to press the lever by using a feed reward (as in FU) and four foxes
by using the cage moving from the mesh floor to the sand floor as a reward. Also the foxes
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initially trained to work for food were later trained to press the lever for the cage moving from
the mesh floor to the sand floor. In the first training session for sand floor, the experimenter
controlled the fox’s reactions to the moving cage very carefully. If the fox was frightened or
risked being injured by the moving cage, a remote control was used to stop the cage movement.
The sand (particle size less than 10 mm) floor in the floor material box was 40-50 cm
deep. The foxes worked for access to the sand floor every second day in test sessions lasting for
20 hours on FR5, 10, 20, 40 and 60. The visit duration was set to five minutes for four foxes
and to ten minutes for four foxes.
Results: experiences of the apparatus (FU, AU)
In the FU, all eight foxes learned to press the lever with their forepaws in a few training
sessions for food (after a 22 h food restriction) which each lasted 1-2 hours. In the AU, the foxes
learned to press the lever operandum more readily with the food reward. After a few training
sessions, all four foxes pressed the lever for food reward and 3 out of 4 foxes for access to the
sand floor. After training for food, all 4 foxes learned to work also for the sand floor.
At the beginning of training, the foxes investigated the lever with their muzzle, and
therefore, first pressed the lever with the muzzle and tended to bite, or bite and pull the lever.
They, however, started to press the lever consistently with their forepaws. Some foxes pressed
the lever occasionally with their hind paws. In the FU, one fox pressed the lever regularly with
both forepaws and hind paws.
In the AU, the foxes habituated to the cage movement very quickly. In the very first time
when the cage moved from the middle position to the sand floor, most of the foxes seemed to
be “startled” by the noise of the motor and the cage movement. A few foxes (with no previous
experience of a sand floor) were too timid to step on the sand floor during the first visits. They
remained on the mesh floor until the back wall of the cage forced the fox to step onto the sand
floor. After a few visits to the sand floor, none of the foxes seemed to be frightened by the cage
movement any longer and they moved with ease between the floor materials with the moving
cage. The noise from the motor seemed to act as a conditioned signal of the upcoming sand
floor reward for the experienced foxes.
In the AU, one fox learned to stop the cage movement by lying down in front of the
moving cage when the cage was moving from the sand floor back to the mesh floor. Since this
happened regularly, and only during the night time, the fox, apparently, had been trying to rest
on the sand floor, as the 10-minute reward duration disturbed his rest.
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The session duration of 20 h, visit durations of 5 and 10 min and the up to 50 cm deep
sand floor were found to be impractical in the AU. The foxes tended to lie down during the five
and ten minutes long visits to the sand floor. They obtained most of their sand floor visits
during the first hours of the 20-hour session. Some of the foxes dug very deep holes into the
sand floor; the deepest holes were up to 40 cm deep. Two foxes even succeeded in escaping
from the apparatus through a cavity in the sand floor while the cage was moving from the sand
floor to the middle mesh floor. One of these dug very eagerly every time on the sand floor, and
could not be left in the cage without supervision. This fox tended to dug most of the sand out of
the box during the five minute visit and the accumulating sand prevented the cage movement
back to the mesh floor. After these experiences, it was decided to curtail the reward duration to
four minutes in future studies, to encourage active behaviours, but not resting. The session
duration was decided to be shortened to six hours. This was expected to ensure foxes enough
time to earn visits on the sand floor, since in the I the foxes spent less than 12% of their time (3
hours in day) on the sand floor (see discussion related to the income effect in section 2.1.3.4).
Furthermore, the 40-50 cm deep sand floor was rejected and instead, a more complex sand floor
was designed. The practical solution was to place large stones under the sand layer, which
formed a bumpy base to the sand floor. In this sand floor, the foxes could still dig deep holes,
up to 30 cm, but these were not wide enough to allow them to escape from the apparatus.
Results: price elasticity of demand
One fox had to be removed from the FU since it did not consistently work for food during
the whole study. The average feed consumption during a two-hour experimental session was
238 ± 10 g (mean ± S.E, n = 7) in the FU. Since the foxes were tested every second day, this
means that the average feed intake per day was around 120 g. The lowest and highest number of
lever presses in a two-hour test session were 1080 (on FR 5) and 7934 (on FR 40), respectively.
The price elasticity of demand was assessed as the best-fit linear regression from the plot
of consumption against the workload. The mean price elasticity of demand for food was -0.38
(± 0.06) based on the number of rewards and -0.44 (± 0.04, S.E., n = 7) based on the weight of
the consumed food (Table 2). The price elasticity for the sand floor was -0.51 (± 0.12, n = 7).
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4.6 Demand for a sand floor in autumn, winter and spring (II)
Aim
The aim of the II was to measure whether the blue foxes demand for a sand floor differs
between seasons. The sand floor may represent a different resource in different seasons as its
properties change with changes in ambient temperature, and the function of the sand floor may
also vary according to the changes in a fox’s physiological state (e.g. during breeding season).
Materials and methods
The foxes were singly housed in traditional mesh floor fox cages close to the test
apparatuses in the barn. The foxes were transferred to the test apparatuses only for the
experimental sessions. In order to facilitate training (see Pedersen et al., 2002), the foxes had
been gently handled from weaning until the training was started. The foxes were first trained to
press the lever for feed (as in FU). When the foxes worked for food consistently on FR3 or FR5,
they were trained to press the lever for cage moving from the mesh floor to the sand floor.
A sand floor with 15-30 cm of sand was placed into the floor material box. The foxes
worked for the sand floor every second day in test sessions lasting for six hours at one of the
following workloads: FR4, 8, 16, 32 or 64. The FR sequence was repeated in a random order
for three times in three seasons (autumn, winter and spring). The foxes had no access to a sand
floor between the experimental periods in different seasons. In winter the sand floor was made
wet, i.e. it was frozen during the testing as it would have been in the natural environment.
The number of visits in the sand floor was recorded during the three replications of the FR
schedule in all seasons. The price elasticity of demand was assessed for each season as the best-
fit linear regression from the plot of consumption against the workload. The foxes’ behaviour
was analysed during the visits on the sand floor by using continuous recording (Martin and
Bateson, 1993). See Table 2 in publication II for the behavioural categories.
Results
The foxes worked to enter the sand floor from the mesh floor in all seasons. The mean
price elasticity of demand for the unfrozen sand floor was -0.38 in autumn and -0.31 in spring,
and that for the frozen sand floor was -0.40 (Table 2). No difference between seasons was
found in the price elasticity of the demand or in the level of the demand.
The foxes dug for about 5-10 min on the sand floor during the 6 hour test session. The
foxes dug more on the unfrozen sand floor in autumn and spring than on the frozen sand floor
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in winter. The time spent digging decreased but the percentage of digging of the total time spent
on the sand floor increased as the workload to enter the sand floor increased.
The foxes spent considerable time rooting into the sand, irrespective of the season, i.e. the
foxes rooted up to 37% of the time spent on the sand floor. The time spent rooting decreased,
but the percentage of time spent rooting out of the total time spent on the sand floor increased
as the workload to enter the sand floor increased.
Juvenile foxes played on the sand floor for about 15 min out of the six hour test session in
the autumn, but when they got older they played on the sand floor for about 7-8 min out of the
six hour test session in winter and spring. The duration of play decreased, but the percentage of
play out of the total time spent on the sand floor increased as the workload to enter the sand
floor increased. The foxes tended to carry pebbles in their mouth from the sand floor to the
mesh floor with the moving cage and play with the pebbles while on the mesh floor.
The season did not significantly affect the elimination activity into the sand floor.
Table 2: The summary of the price elasticity coefficients for food (FU) based on the number of
rewards and weight of the consumed food and different floor materials (AU, II and III).
Resource FU (n = 7) AU (n = 7) II (n = 6) III (n = 7)
Food - 0.38 / -0.44
? 30 cm sand floor -0.51 -0.38
(autumn) /
-0.31 (spring)
-0.33
3-4 cm sand floor -0.41
Solid floor -0.40 (frozen) -0.36 (concrete)
Another mesh floor -0.46
4.7 Behaviour during test session in the test apparatus (IIU)
Aims
The aim of IIU was to measure the general activity and stereotypic behaviour in the
operant apparatus during a test session.
Material and methods
The behaviour of the foxes (n=6) in the operant apparatus during the whole test session
was analysed in spring by using instantaneous sampling (Martin and Bateson, 1993) with a
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sampling interval of two minutes. The analysis was done during the whole session duration (6
hours) in one session on workload FR4 and in one session on workload FR64. The behaviour of
the foxes was divided into resting, stationary activity (sitting and standing still), stereotypic
activity and other activities. The occurrence of each behaviour category was separately
analysed by using Linear Mixed Model, with the fox as a random effect and a hour as the
repeated measure.
Results
The activity of the foxes decreased as the test session proceeded (Fig. 8). Resting was
uncommon behaviour during the first two hours of the six-hour test session, but thereafter
increased considerably. The foxes spent a relatively large percentage of time (2.5 – 11% of
observations) performing stereotypic activity.
Since the foxes started to rest more after around three hours (Fig. 9) in the experimental
apparatus, the session duration was decided to be shortened to three hours in future studies. The
shortened session duration enabled testing of two groups of foxes during light hours of the day.
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Figure 8. The behaviour (mean + S.E.) of the foxes in the test apparatus during the six-hour test
sessions in the IIU. The effect of hour: Activity F5,112 = 5.6, P < 0.001; Stationary activity F5,112 = 3.3,
P < 0.01; Stereotypy F5,112 = 4.5, P < 0.001; Resting: F5,112 = 8.4, P < 0.001 (Linear Mixed Model).
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4.8 Demand for various floor materials (III)
Aims
In III, the aim was to measure the price elasticity of demand for different floor materials in
autumn, in order to be able to evaluate which properties of the sand floor (solidness or
manipulability) are most valuable to the foxes.
Materials and methods
The foxes (n=7) were singly housed in traditional mesh floor fox cages close to the test
apparatuses in the barn. The home cages were furnished with a platform and wooden block. The
foxes were transferred to the test apparatuses only for the experimental sessions. In order to
facilitate training (see Pedersen et al., 2002), the foxes had been gently handled from weaning
until the training was started at the age of 11 weeks. The foxes were first trained to press the
lever for feed. All foxes learned to press the lever for feed within a few training sessions (after a
22 h food restriction). After the foxes worked for food consistently on FR3 or FR5, they were
trained to press the lever for the cage moving from the mesh floor to the sand floor.
The foxes worked for one alternative floor material daily at one of the following
workloads: FR 6, 12, 24 or 48. The alternative floor material was a 30 cm deep sand floor, a 3-4
cm deep sand floor, a concrete floor or a mesh floor. The FR sequence was repeated in a
random order for four times for each floor material, between which the foxes had two days
without testing.
The number of visits into the sand floor cage was recorded during the three replications of
the FR schedule for all materials and the price elasticity of demand was assessed for each floor
material as the best-fit linear regression from the plot of consumption against the workload.
Furthermore, the foxes’ behaviour was analysed during the visits on the alternative floor
materials by using continuous recording (Martin and Bateson, 1993).
Results
The foxes were willing to work for all alternative floor materials. The mean price elasticity
of demand for the 30 cm deep sand floor was -0.33, for the 3-4 cm deep sand floor -0.41, for the
concrete floor -0.36 and for the mesh floor (or cage movement) -0.46 (Table 2). No difference
between floor materials was found in the elasticity coefficients or the level of the demand.
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The foxes dug for about 2-5 min on the sand floor out of the 3 hour test session. The time
spent digging decreased as the workload to enter the sand floor increased. A manipulatable
substrate, i.e. sand, stimulated more digging behaviour than the solid floor material.
Both the manipulatable substrate, i.e. sand, and the solid floor material stimulated rooting
behaviour more than the mesh floor. The foxes spent rooting 18-24 min on the sand, 11 min on
the concrete and 7 min on the mesh floor out of the 3 hour test session. The time spent rooting
decreased as the workload to enter the sand floor increased.
The sand floor stimulated more play behaviour (around 6 min) than the concrete (2 min) or
mesh floor (2 min). The duration of play decreased as the workload to enter the sand floor
increased. The foxes tended to carry pebbles in their mouth from the sand floor to the mesh
floor with the moving cage and play with the pebbles while the cage was on the mesh floor.
The foxes eliminated most on the 30 cm deep sand floor (a mean of 7 times) and least on
the mesh floor (a mean of 4 times), but the difference was not statistically significant.
4.9 Demand for a sand floor and back to a mesh floor (IV)
Aims
Earlier studies show that blue foxes invest to access to a sand floor (II, III), but do not
spend much time on sand floor when it is continuously available (I). The aim of IV was to
measure whether blue foxes are willing to invest to exit a sand floor in order to avoid staying
there for a long duration. The second aim was to develop a test cage with one-way doors.
Material and methods
Fourteen test cages, each consisting of two cages, were built. There was a mesh floor in
both cages of the six test cages of the control group. In the eight test cages of the sand floor
group, there was a mesh floor in one cage and a 30 cm deep sand floor in the other one. The
two cages were connected with two vertically swinging one-way doors (one leading in each
direction, Fig. 9).  A fox could swing the door from its resting position by pushing against the
door. While passing through the door, the fox had to go underneath the door with the weight of
the door pressing along the fox’s back. The weight of the door could be altered by adding iron
bars (0.25, 0.5 or 1 kg) into a box on the door.
The foxes were singly housed in these test cages. Training to pass through the one-way
doors was started immediately after transferring the foxes into the test cages at the age of 12
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weeks. At the beginning of the training, the one-way doors were fixed open for the first three
days. Thereafter the doors were closed gradually according to the fox’s individual progress to
pass through the partly closed door. Finally, the foxes were trained to pass through the closed
doors with gradually increasing workloads. Based on previous experience of using the one-way
doors in farmed blue foxes (Alakylmänen et al., 2001), the training criterion was set to passing
through 2 kg of extra weight. The training success was 27 out of 28 foxes.
The sand floor group was divided into two subgroups. In one group, door weight was
increased in the door leading from the mesh floor to the sand floor and in the other group, in the
door leading from the sand floor to the mesh floor. The foxes’ willingness to move between the
cages was measured with four different door weights, i.e. 0 kg, 0.5 kg, 1.5 kg and 2.5 kg. Each
door weight was presented for 24 hours three times in a random order.
Figure 9. Two vertically swinging one-way doors between cages (photo H. Orjala); and a blue fox
passing through the door (IV, V). The force needed to open the one-way door could be increased
by adding iron bars into the box fastened on the door.
The number of entries through the one-way doors, the visit duration in each cage and the
total time spent in each cage was recorded. Furthermore, the behaviour (see IV) of the foxes
was analysed by using instantaneous sampling (Martin and Bateson, 1993) with a sampling
interval of five minutes, as has been recommended for farmed blue fox (Jauhiainen and
Korhonen, 2005). The observations were made during the whole day in the test cage.
Experiences of the one-way doors
When the doors were fully closed for the first time, most of the foxes hesitated to approach
the doors, possibly because of unsuccessful attempts to pass through a door in the wrong
direction. Thus the critical period in training was that the fox found out that one door leads to
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one direction and the other one to the other direction. Thereafter, the foxes learned easily to
pass through the doors with extra weights.
Usually, the foxes were observed scratching the doors before entering.  They scratched
also the “wrong direction door”. While doing this, the foxes, occasionally, made the door
swinging from the resting position. One fox was observed to pass through the door in the wrong
direction by scratching the “wrong direction door” so that it swung from the resting position
and the fox could slip underneath the door. This fox opened the door in a wrong direction
(without extra weight) instead of passing through the right direction door where there was 2.5
kg of extra weight.
Results
The foxes moved between the two floor materials regardless of the door weight. However,
they chose to spend more time on the mesh floor than on the sand floor, except when they had
to enter a door weight of 2.5 kg to leave the sand floor. The foxes passed through the heavy
door more readily in order to leave a sand floor and to enter a mesh floor than to leave a mesh
floor and enter either another mesh floor or sand floor.
 The foxes preferred the mesh floor to the sand floor as a resting site. The foxes rested on
the sand floor more when it was difficult to leave compared to the situation when it was easy to
leave this floor material.
The foxes dug on the sand for about 7 min per day (0.2-0.8 % of observations). Digging
behaviour was irregular and not all foxes were observed digging every day. The foxes did not
clearly prefer the sand floor for digging (or scratching) behaviour to the mesh floor.
Rooting of sand was involved in the 3-8% observations. The foxes with access to a sand
floor rooted more than the foxes without access to the sand floor. The foxes did not clearly
prefer the sand floor to mesh floor as a rooting place, except when leaving the sand floor was
made costly.
Play constituted around 1% of observations. Access to a sand floor did not clearly
stimulate play behaviour more than access only to a mesh floor. The foxes with access to both
floor materials preferred the sand floor for play.
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4.10 Comparison between various resources (V)
Aims
The aim of V was to measure the relative value between a sand floor, platform, wooden
block, nest box and extra space as cage enrichment in farmed blue fox by measuring the
maximum price paid for each of these resources.
Materials and methods
In V, the test cage of IV was developed by introducing a third cage as an empty control
cage (CC) (Fig. 10). Also the third cage was connected to the middle home cage (HC) by two
one-way doors. The door weight could be increased in the door leading from the middle cage to
one of the outermost cages. Different resources, i.e. sand floor, platform, wooden block or nest
box, could be added to the resource cage (RC) one at a time.
The foxes were individually housed in the test cages from the age of 12 weeks. Training to
pass through the one-way doors was started after transferring the foxes into the test cages. At
the beginning of training, the one-way doors were fixed open for the first three days, and
thereafter the doors were closed gradually according to the fox’s individual progress to pass
through the partly closed door. Finally, the foxes were trained to pass through the closed doors
with gradually increasing workloads. Based on previous experience in IV, the training criterion
was set to passing through 3 kg of extra weight. All 10 foxes passed the training criterion.
Figure 10. The test cage with the one-way doors between the cages in the V. The middle cage
acted as a home cage (HC), since the foxes were fed to this cage. The tested resource was placed
in to the resource cage (RC). The other outermost cage acted as a control cage (CC). There was
mesh floor also in the RC, except while a sand floor was placed to this cage (as is the case in
figure). Drawing: P. Martiskainen.
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The door weight was increased in the door leading to the resource cage (RC). The door
weight was increased after every 24 hours in steps of 0.25 kg or 0.5 kg until the fox ceased to
enter the RC over 48 hours. The highest workload at which the fox entered the RC was
interpreted as the maximum price for that resource. The maximum price was measured
separately for the five resources, i.e. sand floor (30 cm of sand), platform, empty cage, wooden
block and nest box, placed separately into the RC, in a partly randomised order. The number of
entries through the one-way doors, the visit duration in each cage and the total time spent in
each cage was recorded during the whole day in the experimental cage. This data was analysed
by using Linear Mixed Model with the fox as a random effect, and the resource and workload
as repeated variables.
Results
Since nine out of ten foxes pushed open the heaviest possible (8 kg) door weight at least
for one resource, no true maximum prices could be assessed.
The foxes made more visits to the resource cage when there was a sand floor than when
there was a nest box. Furthermore, the foxes made more visits to the empty CC when there was
a platform or extra space in the RC than when there was a sand floor, wooden block or nest box
in the RC. As expected, the number of visits decreased in the RC and increased in the CC as the
workload to enter RC increased, but the available resource did not affect this trend. The
increasing door weight increased the visit durations in the RC, irrespective of the resource.
Interaction with the resources was random, and great differences between individual foxes
were observed. The time spent interacting with the platform, wooden block and nest box was at
a low level with respect to the total time spent in the resource cage. Wooden block was the only
resource which was regularly utilised by all foxes.
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5 DISCUSSION
The discussion section is divided into two parts. The first one focuses on the
methodological issues. The second one focuses on the effects of a sand floor in the behaviour
and welfare of farmed blue foxes, but also in that part the methodology is further discussed
when relevant to the interpretation of the results.
5.1 Evaluation of the methodologies
5.1.1 Social context in floor material preference
Social context, i.e. social facilitation and social competition, may affect the animal’s
motivation to interact with a resource. Social facilitation may lead to overestimation of a
resource, since one animal may invite others to use the resource although they would not
otherwise use it (Cooper, 2004). On the other hand, social animal may not be willing interact
with the resource in isolation, if a social component is involved in the interaction with the
resource (Jensen et al., 2004). Social competition, in turn, may lead to under-estimation of the
resource, since one individual may dominate the resource and prevent others from using it
(Cooper, 2004). Therefore, social context in preference experiment must be considered.
In I, the foxes were housed as on commercial farms in male-female pairs. Since pair or
group housed blue foxes try to avoid close contact with each other, especially as the autumn
proceeds (Ahola et al., 2005), it was uncertain that the social environment would affect the time
budgeting of the foxes between the sand floor and mesh floor. In IU, the working hypothesis
was that the two foxes of an experimental unit in I would have been willing to stay in different
cages of the double cage, especially in late autumn. This is exactly what happened in the control
group, since after the first recording (in September) the foxes were more often observed in
different cages than in a same cage (IU). In the sand floor group, the foxes were usually
observed in a same mesh floor cage, and this trend intensified in late autumn, accounting for
around 90% of the observations in December. Thus, the hypothesis of avoiding each other was
supported in the control group, but not in the sand floor group. These results (IU) indicated that
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farmed blue foxes preferred to stay in the same mesh floor cage with a cage mate rather than go
into a cage with sand floor and in that way avoid close contact with the cage mate.
To sum up, the sociality of the species must be considered when designing preference
experiments. Blue foxes chose to stay close to the cage mate on a mesh floor instead of avoiding
close contact to the cage mate by staying on a soiled and frozen sand floor.
5.1.2 Lever operandum and one-way door as operant responses
In the present thesis, two kinds of operant responses were used, i.e. pressing a lever (FU,
AU, II, III) and pushing open a one-way door (IV, V). These two responses were chosen
because they resemble natural behavioural patterns of the wild V lagopus, i.e. digging on
ground (see e.g. Fay and Stephenson, 1989), and digging and pushing against snow drift (see
e.g. Prestrud, 1992b) or vegetation in order to reach food item or shelter. Responses that
resemble natural behaviours were chosen, since already in an early study it was demonstrated
that animals have problems to learn certain responses not related to their natural behaviour or
instinctive behaviours as the authors name them (Breland and Breland, 1961). The authors
successfully conditioned a raccoon to pick coins, but were not able to train the raccoon to place
the coins into a container. Instead, the raccoon rubbed the coins against each other. The authors
concluded that rubbing coins against each other was a strong instinctive behaviour which out
competed the one to be trained, although rubbing coins was not reinforced.
As expected, blue foxes pressed the lever mostly with their forepaws with a digging-like
movement (FU, AU, II, III). The same movement has been utilised previously both in blue
foxes (Kasanen et al., 1998; Alakylmänen et al., 2001) and in silver foxes (Mononen and Harri,
1997; Hovland, 2005), even though in these earlier experiments a loop operandum was used.
Both fox species perform this digging-like movement in a very unvarying and stereotypic
manner (personal observation). This means that intraindividual variation in the “responding
style” is minimal between animals. In the case of the one-way door, the foxes had to pass
through the door by pushing the door open and passing underneath the door (IV, V). The
framed one-way door could not be opened in any other way. Hence, the operant workload was
the same for all foxes also in the one-way door setup. In short, both operant responses can be
considered as valid ways of working (operant cost) in farmed blue foxes.
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Careful shaping of the operant task is needed to gain reliable results. In blue foxes, the
training success to press a lever operandum or pass through a one-way door was close to 100%
irrespective of the resource used (FU, AU, II-V). This training success is high when compared to
e.g. training success to pull the loop operandum for food in silver foxes of a commercial (43%)
and domesticated (60%) line (Hovland, 2005) or pushing through a door for access to a
foraging material in hens (75%) (de Jong et al., 2007). Besides the fact that a high training
success proves that the animal can connect the response to the resource, a high training success
is desirable in order to ensure that not only the most confidential, relaxed and/or clever animals
are tested (Hovland, 2005). The high training success in blue foxes proves that the chosen
operant responses were suitable for this species and the resources on offer.
To sum up, both lever pressing and passing through one-way doors are valid operant
responses in blue foxes. Blue foxes are easily trained to perform these responses and the
performance of the responses remains unvarying after careful training.
5.1.3 Comparison between lever pressing and one-way door setups
Blue foxes are housed in outdoor temperatures that may vary from below -30º C in winter
to above +25º C in summer (e.g. in Finland). Initially this caused considerable problems in
running the experiments in the lever pressing setups. In warm summer days, the control unit
had to be prevented from overheating to be able to carry out the experiment (FU, AU, II), and in
winter, an extra heating system had to be installed in order  to guarantee proper functioning of
the motors moving the cage (II, III). Finally, the extreme temperatures where I successfully ran
the experiment with moving cages were +28º C (AU) and -35º C (II). No such problems
emerged in the more robust test cage of the one-way door setups (IV, V).
The responding rate of blue foxes in the lever pressing setups was always relatively low
(AU, II, III), although a high responding rate is desirable in order to be able to use high
workloads in short duration test sessions. The fastest responding occurred in the food
experiment, where a few foxes pressed the lever up to 60 times in a minute (once per second)
on FR40 (FU). This responding rate is very low compared to two per second in experienced
silver foxes working for food (personal observation), or up to three lever presses per second in
rats working for drinking water (Koistinen, 2004). The slow responding rate in blue foxes may
be attributable to their calmness (as compared to silver foxes).
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The responding rate in the lever pressing setups was not only slow but sometimes also
intermittent (FU, AU, II, III). This may be due to fluctuations in the fox’s instant motivation to
obtain the resource while working, because of altering external cues e.g. neighbouring fox
visiting on his sand floor. The intermittent responding may have lead to occasional
“purposeless” reinforcement. The effect of these occasional “purposeless” lever presses might
be diminished by utilising a differential reinforcement of high rates (DRH) where a maximum
time is set for one response e.g. two seconds per response (Chance, 1999). For example, if ten
responses are required, the time limit for finishing the responses is then 20 seconds. This
schedule trains the animal to work at a constant and high rate (see Hovland, 2005).
In the case of the one-way door, it has to be opened by exerting considerably force at once,
and the instant motivation to obtain the resource cannot fluctuate while working as it can when
operating the lever. Thus, the risk of obtaining the resource by chance is lower when using one-
way door setup that when using a lever pressing setup (without strict DRH). This means that,
pushing against a one-way door is a more valid way of working than pressing the lever (without
strict DRH) when the maximum effort for the first unit of the resource is to be measured.
Furthermore, in the lever pressing setup, the number of lever presses refers the accurate
workload, whereas in the one-way door setup, it may not be possible to determine the actual
work in completing the task so unequivocally. This poses a problem that an exact mathematical
calculation of the demand function may not be justified when using a one-way door as an
operant workload (see Cooper, 2004). This concerns the price elasticity of demand, but not the
maximum price paid, since the maximum price index only requires that the price changes are
qualitative, not necessarily that they are exactly quantitative (Cooper, 2004).
In conclusion, the lever pressing setup, with a fixed number of lever presses can be used to
measure price elasticity of demand in blue foxes. The one-way doors setup, instead, provides
reliable tool to measure maximum price as the maximum effort for the first unit. The level
pressing setup (test cage) is more vulnerable to demanding ambient circumstances.
5.1.4 Controlled versus uncontrolled reward magnitude
One more difference between my lever pressing and one-way door setups lays in the
reward magnitude: it was controlled (i.e. fixed reward duration) in the lever-pressing setups
(FU, AU, II, III), but not in the one-way door setups (IV, V). In earlier research, the reward
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magnitude has been either controlled (e.g. Matthews and Ladewig, 1994; Holm et al., 2002) or
not (e.g. Cooper and Mason, 2001; Hovland et al., 2006). Both practices have some advantages
and some limitations.
When controlled, the reward magnitude must be sufficiently large to be meaningful to the
animal (Matthews, 1998). The appropriate reward magnitude must be identified for each
resource separately (Jensen and Pedersen, 2008) as was done for resting behaviour in heifers in
a series of experiments (Jensen et al., 2005). Too small a reward magnitude is worthless for the
animal. In contrast, if the reward magnitude is too large, the animal does not necessarily use the
reward effectively (especially at low workloads).
The reward magnitude (duration in this case) should not be controlled in cases where the
value of the behaviour might be reduced by interruptions in the performance (Mason et al.,
1998). This kind of behaviours cannot not be divided in short bouts like eating and drinking,
instead, only the performance of the full behavioural sequence is valuable. These kinds of
behaviours are, for example, social interaction (see Mason et al., 1998; Hovland, 2005) and
dustbathing (see Olsson et al., 2002a). The resulting pseudo-elasticity can only be used to rank
the resources within one experiment but not to compare the coefficients between experiments
(Cooper and Mason, 2000). It has been even proposed that the price elasticity of demand is not
a valid index if the reward magnitude is not fixed, since the unit price cannot be held constant,
or in other words, price and consumption do not co-vary (Jensen et al., 2004; Holm, 2007). For
these reasons, the price elasticity coefficients were assessed only when the reward size was
fixed (A, II, III) and not when the reward size was not controlled (IV, V).
The criticism against the validity of the price elasticity in experiments with uncontrolled
reward magnitude is based on the fact that if the animal is allowed to use the resource at will, it
can re-schedule its behaviour (Cooper and Mason, 2000), usually by prolonging the visit
duration at higher workloads (e.g. Sherwin and Nicol, 1995). However, a change in the visit
duration has not always been apparent (e.g. de Jong et al., 2007; Hovland et al., 2008; Seaman
et al., 2008). Based on this literature it seems to me as the animal’s strategy, whether it
compensates the increased price by defending a certain number of  constant-duration visits or
by lengthening the fewer visits, is dependent on the nature of the resource. In the case of sand
floor (IV, V) and other resources (V), blue foxes compensated for the higher workload by
prolonging the visit durations. Thus, the total time spent interacting with the sand floor and
other resources was more valuable than a high number of short visits.
In the case of sand floor, a reward duration of four minutes was chosen (II, III), since it
enabled active behaviours of interest, but not resting (AU). However, the percentage of “other
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behaviour”, i.e. behaviour patterns not directed to the sand floor, from the total time spent on
the sand floor tended to decrease and the percentage of some behaviours directed to the sand
floor, e.g. digging and rooting, tended to increase with increasing workloads (II). Hence, the
foxes could be interpreted as using the visits more effectively at higher workloads. If only these
activities directed to the sand floor were considered, this re-scheduling of behaviour (see
Cooper and Mason, 2000) suggests that the four- minute visit was too long, which, in turn,
partly invalidates the price elasticity index, since the price and consumption did not co-vary. A
solution to overcome the problem that the price and consumption do not co-vary is to design an
experiment where the consumption is made costly rather than the access to the resource (Mason
et al., 1998). This practice has been utilised in measuring rats’ motivation to eat in a cold
chamber (Johnson and Cabanac, 1982) and hens’ motivation to dustbathe by exposing them to
wind while dustbathing (Faure and Lagadic, 1994).
However, it is worth considering whether an animal’s view to the resource is so simple.
The interaction with the resource may not reflect the total value of the resource. In the case of
sand floor, the tactile sensations of being on the sand correspond to the total time spent on the
sand floor, irrespective of what activities are being performed. Thus, the total time spent on the
sand floor shows its value in the sense of tactile sensations. In this case, price and consumption
co-varied perfectly. The re-scheduling of different activities on the sand floor, in turn, can be
interpreted as reflecting the urge to perform these activities when accessed to the sand floor.
The situation may be even  more complex, the animal may simply value the proximity of
the resource. The animal may be willing to stay close to the resource without continuously
interacting with it. For example, wild red foxes (Vulpes vulpes) will escape close to a den
entrance when threatened, but withdraw into the den only when absolutely necessary (Weber,
1985). Accordingly, a captive fox might value proximity to a nest box in order to have an
immediate possibility to withdraw to a shelter when feeling threatened. Actually, if the animal
can obtain access to the resource only in the experimental cage and not in its home
environment, the animal may value access to the experimental cage per se, simply because of
the proximity of the resource.
To sum up, both the actual interaction and the total time spent with the resource should be
used to assign the value to a resource. The latter is important especially if the resource enables
various behaviours. A detailed analysis of behaviour during the rewards is necessary for
ensuring valid conclusions in studies using the methods of behavioural economics.
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5.1.5 Evaluation of the price elasticity of demand index
It has been suggested that the price elasticity coefficient is specific to the income level (see
Kirkden et al., 2003). This was indirectly tested in II and III, where the session durations were
six and three hours, respectively. The FR schedules for the deep sand floor ranged from FR4 to
FR 64 in II and from FR6 to FR48 in III. The elasticity coefficients showed a rather similar
trend in these two experiments. Only a slightly more elastic coefficient was found when the
longer session duration and wider FR schedule was used (II). These results show some stability
of the price elasticity coefficient.
Kirkden et al. (2003) stated also that becoming satiated with the resource confuse the
measurement of defending the consumption level against increasing workload. The fact that
animals usually respond more at the beginning of the test session and thereafter responding
decreases has been suggested to be attributable to the occurrence of satiation within a test
session (Killeen, 1995). In the case of a sand floor, blue foxes were most active (IIU) and
achieved most of the sand floor visits during the first hours of the session (AU, II). This is
consistent with the satiation hypothesis, i.e. the foxes were motivated to visit the sand floor at
the beginning of the session, but after a few visits to the sand floor, they became satiated with
being on the sand floor.
The fast satiation with staying on the sand floor means that the foxes did not gain
excessive number of visits to the sand floor on low cost, i.e. the level of consumption was low
(I-V). This results in a relatively inelastic and low level demand function. Thus, the price
elasticity index might overestimate the value of sand floor, when the coefficient is compared to
those of other resources for which satiation occurs more slowly (c.f. Kirkden et al., 2003).
In conclusion, the price elasticity of demand for a sand floor shows some stability, but the
pitfalls inherent in the index may make comparison between resources difficult.
5.1.6 Evaluation of the maximum price index
The highest workload at which an animal gains access to a resource is considered as the
maximum price for the resource (e.g. Widowski and Duncan, 2000; Warburton and Mason,
2003). If the animal is housed in the apparatus and the workload is increased after every 24
hours, it is interpreted that the maximum price is reached when the animal does not enter the
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resource within the following 24 hours of the next workload (e.g. in Hovland et al., 2006,
2008). In V, the fox was interpreted to have reached the maximum price when it did not enter
the resource cage within 48 hours, although the workload was increased after every 24 hours. In
other words, the fox had to miss two intervals of increasing door weight without entering the
resource, before the last passed workload was interpreted as the maximum price it would pay
for that resource. This criterion may seem arbitrary, but it was chosen, since it was clear that the
foxes are not necessarily willing to use the resource on every single day. A similar view was
taken also by Widowski and Duncan (2000). They tested hens’ motivation to dustbathe only
every second day, since hens may not be willing to perform this activity every day. I suggest
that the frequency of the behaviour or the interval of interaction with the resource must be
considered when defining the criterion for the maximum price, and not use 24 hours
automatically. An inadequately considered criterion may invalidate the maximum price index.
When peak responding is required, the animal’s physical fitness, temperament and even
body dimensions may lead to high interindividual variations in the results. For example, in V,
one fox reached lower maximum prices for all the resources than the other nine foxes. This
variation may lead to two kinds of outcomes. First, a task which steadily becomes more
difficult may become suddenly impossible to an individual animal, because of the animal’s
body dimensions or motoric limitations in the animal’s ability to perform the task. This poses a
risk that the result reflects the animal’s ability to overcome the obstacle rather than the animal’s
willingness to work for that resource. Second, if there is high interindividual variation in the
peak responding (intensity to work), the variation decreases the sensitivity of the measure
(Patterson-Kane et al., 2008). Furthermore, there will be a marked difference in the length of
the experiment between animals. The latter is more a practical problem, especially if the same
individuals are to be used in several consecutive experimental conditions (as was the case in V).
The variation between individuals, however, can be diminished by experimental design. For
example, Hovland (2005) used individually determined workload schedules (within-subject
design) in silver foxes, since some foxes were able to reach a considerably higher maximum
number of responses (around 2000) than the other foxes (around 200). The within-subject
design ensured the “same length experiment” in the high and low responding foxes. The results
are usable when utilised by comparing to an individually determined scaling factor, i.e. food in
this case.
In the workload schedule utilised to measure maximum price, the workload is continually
increased. This steadily increasing workload subjects the animal to a continually deepening
conflict between its willingness to approach the resource and the wish to avoid the increasing
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workload. In other words, at high workloads, the animal may be still willing to obtain the
resource, but considers the workload as aversive and therefore, is unwilling to attempt to
overcome the workload. In psychology, these could be called approach and avoidance gradients
(see e.g. Takala, 1987, p. 291-294). For example, Olsson et al. (2002a) report that it seemed as
hens avoided attempts to obtain the resource after an unsuccessful attempt to open a one-way
door. Actually, a risk that there occurs extinction (see description in Tarpy, 1997, p. 225) of the
learned relation between the response and the resource may be apparent, as has been suggested
by Hansen and Jensen (2006). To make it more clear, since the animal perceives the high
workload as impossible to overcome, it will not even try to overcome the workload although it
would manage to do so. From the animal’s point of view the access to the resource is blocked in
this situation.
When peak responding is to be measured, the type of the operant responding and the
criterion of reaching the maximum price must be carefully considered.
5.1.7 Food as a yardstick for other resources
Since food is considered to be an essential resource, the demand for food has been
recommended to be used as a yardstick for the demand for other resources (e.g. Dawkins,
1990). The price elasticity of demand for food has shown a highly inelastic demand, e.g. -0.02
in pigs (Matthews and Ladewig, 1994), but, not in all cases e.g. -1.10 - -0.70 in mink (Hansen
et al., 2002). In adult farmed blue foxes, an inelastic coefficient of -0.02 has been measured for
food (Kasanen et al., 1998). In contrast, in FU, a higher price elasticity of demand was found,
i.e. -0.38 (or -0.44), in the same season (summer).
The relatively elastic demand for food in blue foxes and mink may be attributable to the
feeding regime of these species. Certain carnivore species may be resistant to unsuccessful
exploration and the resulting periodic starvation, which may cause an elastic demand for food
in the experimental situation (see Hansen et al., 2002). In particular, Arctic fox live in
conditions with periodic scantily of food. The ability to cope with periods of starvation is
important for the survival in the wild V. lagopus (Fuglei et al., 2000), therefore these animals
have special morphological (e.g. Prestrud, 1991; Prestrud and Nilssen 1992) and physiological
adaptations (e.g. Fuglei and Øritsland, 1999; Fuglei et al., 2000) aimed at energy conservation.
Ad libitum fed wild-captured Arctic foxes has been reported to voluntarily cease eating for up
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to two weeks (Prestrud, 1982). It has been calculated that an Arctic fox can survive in a resting
state for up to 25 (Fuglei, 2000) or 30 days (Prestrud, 1991) of starvation by lowering its
metabolic rate. Farmed blue foxes might survive without food even longer, because they are
bigger and usually have proportionally larger fat reserves in their body (47% of the body mass:
Kempe et al., 2009) than wild Arctic foxes (6-20%: Prestrud and Nilssen, 1992).
The difference between the elasticity coefficients for food in the experiment of Kasanen et
al. (1998) and FU, may be attributable to the exceptional feeding regime of V. lagopus. The
foxes were required to work on a relatively easy schedule in the experiment of Kasanen et al.
(1998), but a more laborious schedule was used in FU. It is obvious that the foxes worked for
food, when it was easily available, but they would rather fast when considerable work was
required even though they were food deprived for 46 h before each test session. This behaviour
may have led to the relatively elastic demand for food in FU.
Previously, food has been considered as an unsuitable yardstick in fish, since fish cease
growing (and need less food) when food is difficult to obtain (Monaghan, 1990). Rather
similarly, the present result indicates that food may not be an optimal yardstick against which to
compare other resources in blue foxes. However, if food is used as a commonly accepted
yardstick for other resources, the price elasticity for food should be inelastic in all situations.
There is another possible pitfall in using food as a yardstick for other resources. Hovland
(2005) used ad libitum food as a yardstick for the peak motivation for social contact in silver
foxes. There was a great variability in the day-to-day food consumption. When she later
provided the foxes with a fixed quantity of food, the day-to-day consumption was more
consistent and the foxes finally valued the food higher than social contact as the authors had
hypothesized beforehand. Hence, the ad libitum supply of food may not lead to a reliable result.
In blue foxes, ad libitum food supply would even promote the unusual feeding regimen of this
species, complicating the evaluation of both price elasticity of demand and maximum price.
Also, drinking water has been suggested to be used as a yardstick for other resources (e.g.
Sørensen, 2001). However, analogous challenges to those with the food yardstick have been
observed when comparing demand for drinking water between packrats captured from a desert
(Neotoma micropus) and humid habitats (Neotoma albigula) (Boice, 1984). The rats from the
arid habitat drank large amounts of water when it was easily available, but did not drink when
the price for water was high. In contrast, the water consumption of the humid habitat packrats
remained relatively inelastic. Thus, the natural behaviour and physiology of the species must be
carefully considered when seeking for a yardstick for environmental resources.
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In conclusion, using food as a yardstick for other resources may not be as uncomplicated
as has been often suggested. It seems as the demand for food is not an optimal yardstick for
other resources in V. lagopus.
5.1.8 Applicability of the results
The experimental settings usually differ from the intensive farming conditions. In order to
be able to apply the result to the non-experimental animals, the rearing and housing of
experimental animals should be as close to the non-experimental animals as possible (Cooper,
2004). Nonetheless, the experimental animals gain experience of the resource during (and
before) testing, which do not occur in the non-experimental animals. Therefore, preference and
motivation tests tend to overestimate the motivation of the average farm animals for the
resource (Kirkden and Pajor, 2006). On commercial farms, the only experience that blue foxes
have of an earth floor is that they have seen the ground, but they have never touched the
ground. In the present experiments, the foxes were provided with early experience of the sand
floor, although they had been born on mesh floor cages. Therefore, the present results must be
applied with caution to farm-raised foxes.
Blue foxes displayed a relatively high amount of stereotypic activity in the operant
apparatus after a long lasting experiment (IIU). Based on the present result, it cannot be
determined whether the operant testing per se or the periodical pause in operant testing
(between seasons) and simultaneous deprivation of the resource (sand floor), i.e. the
experimental setup, were responsible for the high level of stereotypic activity. Nevertheless,
this result suggests that the experimental animals had been stressed by the operant testing
and/or the experimental setup. This fact must be considered when extrapolating the present
results to non-experimental animals.
The experimental foxes had experiences different from those of foxes housed in
commercial housing conditions. This must be considered when trying to extrapolate the results
of the present work into non-experimental farming conditions.
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5.2 Blue foxes’ preferences and priorities between floor materials
5.2.1 Time budget between mesh floor and sand floor
The present results (AU, I - V) confirm the earlier findings (Korhonen and Niemelä, 1996,
1997; Korhonen et al., 1999, 2001a, b, 2003, 2004; Harri et al., 2000) that farmed blue foxes
use the possibility to visit sand floor whenever it is accessible, but spend more time on the mesh
floor. Since the present results are highly consistent with the earlier studies, the preference of
blue foxes between sand floor and mesh floor is not sensitive to the experimental design. The
time budget between the mesh floor and sand floor shows the same trend irrespective of the size
of the sand floor, social environment and other housing conditions.
Animal’s reactions to a periodical no-access to the resource shows whether there is
frustration related to the no-access to the resource (Kirkden and Pajor, 2006). The effect of
periodic no-access to a resource, i.e. deprivation, is usually interpreted according to the
Lorenz’s (1981) motivation model (Friend, 1989). If the animal values the behaviour, it will
perform that behaviour at a high rate after the deprivation. This is called rebound effect. In the
case of the  sand floor, blue foxes spent more time on the sand floor immediately after a 14-day
deprivation than before the deprivation, i.e. a rebound effect was detected (I). According to the
Lorenz’s (1981) rationale, blue foxes valued the time spent on the sand floor.
The increased occurrence of the behaviour after deprivation may also be interpreted as a
response to the renewed novelty of the resource and not only as a rebound effect of the resource
use (McFarland, 1989). It is assumed that the animal habituates to the presence of the resource.
Then, the animal does not notice the absence of the resource when it is removed. Thus,
deprivation does not affect the welfare of the animal. After deprivation, the animal is reminded
about the resource and it becomes motivated to interact with that resource because of renewed
novelty. In the sand floor group, the foxes did not have the deprived floor material (sand floor)
available during deprivation, but the control group had the deprived floor material available
also during deprivation (I). In other words, the floor material did not change in the control
group during the deprivation procedure as it did in the sand floor group. Therefore, the
pronounced rebound effect in the sand floor group could also be interpreted as an effect of
changing floor material (i.e. renewed novelty). A third group of foxes which would have been
deprived of the sand floor, but having access to another sand floor during deprivation would
have been helpful when interpreting the true effect of depriving foxes of the sand floor.
Tarja Koistinen: Farmed blue foxes’ (Vulpes lagopus) need for a sand floor
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009)62
In addition to the rebound effect after deprivation, it has been suggested that the motivation
to use a resource should be measured also during deprivation from the resource (Nicol and
Guilford, 1991). The increased explorative activity during deprivation may reveal the
motivation of the animals to use that resource (Nicol and Guilford, 1991), since exploration
increases the animals’ chance to encounter the resource it is missing (Birke and Archer, 1983).
In I, the foxes rested more and sniffed less during deprivation from the sand floor than before
the deprivation. Thus, according to the above rationale, the foxes were not looking for the sand
floor or any other resources while deprived from the sand floor.
However, the relatively low price elasticity of demand (AU, II, III) and the rebound effect
after deprivation (I) suggest that there is some value in visiting the sand floor, i.e. a sand floor
provides blue foxes with something not available in the mesh floor cage. This did not, however,
encourage the foxes to remain on the sand floor for a longer duration (I – V). Blue foxes were
even willing to work to leave the sand floor in order to return to the mesh floor (IV), and they
were not seeking out the sand floor when it was not available (I). In short, blue foxes were
willing to access the sand floor, but were not willing to remain on the sand floor for long
periods. Furthermore, the sand floor did seem to be valued after a period of non-access (14 days
in I, 18 h in II, 21 h in III). All this indicates that curiosity is involved in the visits in the sand
floor, and it may even be the major factor eliciting visits to the sand floor. A more detailed
behavioural analysis is needed clarify the value of the sand floor.
Farmed blue foxes visit sand floor when available, but they prefer to spend more time on
the mesh floor. The time spent on the sand floor increases after access has been denied for 14-
days. Blue foxes are willing to work for access to a sand floor from mesh floor, but also to leave
the sand floor in order to return to the mesh floor. The visits on the sand floor may be elicited
by curiosity and after a period of no-access the visits are related to renewed novelty.
5.2.2 Behaviour on different floor materials
Sand floor and mesh floor provide different tactile experience. Therefore, preference for
one of these materials may be highly dependent on the behaviour aimed to be performed. Here,
the most relevant behaviour patterns will be further discussed.
5 Discussion
Kuopio Univ Publ C Nat and Environ Sci 259: 1-88 (2009) 63
5.2.2.1 Resting
Farmed blue foxes rest for about 70-80% of their daily time (e.g. I). Therefore, their
preference for a resting site accounts for the majority of the total time allocation between
available options in preference experiments.
The present results (I, IV) confirm the earlier finding that blue foxes prefer the mesh floor
to the sand floor as a resting site (Harri et al., 2000; Korhonen et al., 2001a, b, 2003). The
preference for resting on the mesh floor is further intensified when the sand floor is wet (Harri
et al., 2000), frozen (I; Harri et al., 2000) and/or fouled (I).
There are, at least, two possible reasons why the foxes choose not to rest on a sand floor.
First, since animals are willing to control their microclimate (see review in Morgan and
Tromborg, 2007), blue foxes may choose to rest on the mesh floor for thermoregulatory reasons
(Harri et al., 2000). The fur becomes more compressed when resting on a solid floor than when
resting on a mesh floor, i.e. there is more heat loss on the solid floor material (c.f. raccoon dog,
Nyctereutes procyonoides, in Korhonen, 1987). The heat loss on the solid floor may be
intensified if the surface is wet or frozen. Thus, the foxes may avoid resting on the sand floor in
order to avoid energy loss in cold temperatures in winter and autumn.
Second, the foxes may choose the mesh floor for resting in order to avoid resting in their
defecation site. The sand floor becomes easily fouled (I, Korhonen et al., 2003) and not even
weekly cleaning can keep the sand floor clean (Koistinen et al., Unpublished data), because
blue foxes tend to defecate on the sand floor (I, IV) or other solid materials (Pedersen and
Jeppesen, 1992; Mononen, 1996) and urinate on solid objects (e.g. Korhonen and Niemelä,
2000). The fact that resting on the sand floor decreases as autumn proceeds, i.e. as the sand
freezes and becomes fouled (I), supports this hypothesis. The tendency to avoid resting on a
wet and fouled area seems to be a common phenomenon, since it has been observed also in
sows (Hutson et al., 1993), sheep (Færevik et al., 2005) and rabbits (Morisse et al., 1999).
Obviously, animals will avoid resting on wet and fouled areas to protect their fur from
becoming soiled and to avoid fecal pathogens. Thus, an easily fouled floor material can be
viewed as a serious issue of animal welfare.
5.2.2.2 Digging
In the wild, digging behaviour is a common and an essential behaviour for survival in the
Arctic fox. The Arctic foxes dig mainly for two purposes, i.e. for preparing a nest for whelping
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(e.g. Chesemore, 1969) and for caching and seeking for food (e.g. Frafjord, 1993). In winter,
food acquisition is the primary motivation for excavating in the snow, greater than 0.5 m in
depth (Sklepkovych and Montevechi, 1996), but Arctic fox can also dig a lair into snow for
resting (e.g. Prestrud, 1991).
In captivity, a sand floor enables digging behaviour. Although digging behaviour has
received considerable concern (e.g. European Convention, 1999; Nimon and Broom, 2001),
digging is an infrequent activity and occupies only a small proportion of the day in farmed blue
foxes (I - IV; Korhonen et al., 2001a, b, c, 2003, 2004). The daily duration of digging has
varied from no digging at all to a few minutes with an in-cage sand box (Korhonen et al., 2003,
2004) and up to tens of minutes in an outdoor enclosure (Korhonen et al., 2001c). In juvenile
blue foxes, the duration of digging decreases as the autumn proceeds (I; Korhonen et al., 2001a,
b, c, 2003). In winter, digging of ground is observed when ground without snow is accessible
(II vs. Korhonen et al., 2001c). In spring, digging is again observed to a greater extent (II,
Korhonen et al., 2001c).
Farmed blue foxes work for access to a digging substrate in all seasons (AU, II, III), but
they are not willing to defend a certain duration of daily digging against increasing workload,
i.e. the duration of digging decreases as the workload to enter the sand floor increases (II, III).
On the other hand, the percentage of time spent digging out of the total time spent on the sand
floor increase with increasing workload (II). Thus, the blue foxes re-schedule their behaviour
(c.f. Cooper and Mason, 2000) by using the reward duration more effectively in digging at high
workloads. This suggests that the urge to dig is greater at high workloads than at low
workloads, i.e. digging behaviour is one of the most important activities to be performed, when
accessed to a sand floor.
The key question concerning the importance of digging is the onset of digging behaviour.
If farmed blue foxes dig only to achieve the functional consequences (to find a food item or
prepare a nest), the foxes should not need to dig as long as they are adequately fed (no need to
hide or find extra food) and provided with a suitable nest for shelter and whelping, i.e. the urge
to dig would be eliminated. However, if digging behaviour is internally driven behaviour, it is
important per se (see Friend, 1989) and welfare of farmed blue fox may become endangered
when digging substrate is not provided. An analogous hypothesis was tested in laboratory mice,
i.e. whether the potential consequences of digging (burrowing) motivate digging behaviour or
whether the mice are motivated to perform the digging activity per se (Sherwin et al., 2004).
Although the mice were provided with previously constructed burrows, they still continued to
dig. The authors interpreted their result to mean that burrowing behaviour is important per se
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and not only to achieve the goal (burrow). In blue foxes, no similar experiment has been
conducted, but in a large earth floor enclosures (450 - 900 m2), the foxes have been found
trying to dig dens during the whelping season, although they had been provided with a complex
artificial den in the enclosure (Malm, 1995), and vixens try to dig on the floor of the nest box
up to 4-5% of their time when parturition approaches (Pyykönen et al., 2005). These
observations suggest that digging of a den would be internally driven to some extent during the
breeding season.
There is one study where the motivation underpinning digging activity was analysed in
blue foxes housed in earth enclosures (Korhonen et al., 2001c). In that study, it was found
difficult to identify the purpose of digging activity, but when it could be identified, the foxes
dug most often for a resting place. Occasionally they dug in order to cache food, in order to
bury a stick and after defecation. In the present work, digging seemed most often to be
spontaneous without any obvious goal, but the foxes were occasionally observed to dig in order
to bury their own faeces (AU, I -IV) and cache left-over when fed ad libitum (I, IV).
Overall, the digging site may reveal more of the foxes’ motivation to dig. Favoured
digging sites are under the feeding tray, the corners of the sand box (I - III) and under or close
to constructions, e.g. nest box (Korhonen et al., 2001c). The digging activity under the nest box
could be interpreted as the foxes’ attempts to enlarge the nest. However, overall, the most
common digging sites can be interpreted as suggesting that blue foxes dig in order to try to
escape from the cage or the enclosure. The finding that the foxes tend to dig holes as deep as
possible, i.e. up to 30 cm (I – V) or 50 cm (AU), supports the escape hypothesis.
In addition to the onset of digging activity, another key question concerning the welfare of
captive blue foxes is whether a satisfactory digging movement requires a substrate. In hens, it
has been demonstrated that sham dustbathing (no litter present) does not satisfy the motivation
for true dustbathing (Olsson et al., 2002b). The authors suggest that dustbathing in the early
ontogeny is controlled by internal factors, but the dust preference develops after a true
dustbathing experience, i.e. when once experienced true dustbathing, sham dutbathing no
longer satisfy the motivation to dustbathe. Digging behaviour in blue foxes may be analogous
to this. The development of digging movement may be innate, but the preference for sand
digging may develop only after experiencing true sand digging in early age. This hypothesis is
supported by earlier research suggesting that if a blue fox does not have an early (before 15
weeks of age) experience of sand digging, digging will not represent a highly essential
behaviour later in the fox’s life (Korhonen et al., 2004). Instead, performing digging
movements on a plate may provide a substitute for true sand digging. Thus, digging on a plate
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would satisfy the urge to perform the digging movement without any functional consequences
(compare sham dustbathing in hens: in Cooper and Albentosa, 2003, p 143), but only if the fox
has had no early experience of a true sand digging.
One can claim that the lever pressing in AU, II and III acted as a substitute for sand
digging. If pressing the lever, indeed, substituted for the true sand digging, it partly invalidates
my measure. However, on the other hand, it suggests that sand digging is not important per se,
but rather it is the performance of the digging movement which is critical. Thus, the above
hypothesis of substituting true digging with sham digging is supported. If this holds true in
these foxes, sham digging may substitute for the sand digging also in foxes with an earlier
experience of sand digging. This suggests that sand digging could be substituted with any cage
construction which would permit some kind of digging-like movement, if digging (scratching)
of the mesh floor is not an adequate substitute.
However, in this work, blue foxes dug more when loose material was available than when
only a solid floor was available (III). Thus, loose material per se may act as an external
stimulus to start digging. This was known already in 1928, since it was advised that in order to
avoid encouraging the foxes to dig, it is better not to leave loose material in the pen-side of the
wall when building an outdoor enclosure for foxes (Smith, 1928, p. 8).
5.2.2.3 Rooting
Rooting was defined as sniffing, digging and other exploration with the muzzle targeted to
the sand. Since rooting often occurred immediately after the fox had entered the sand floor, it
was interpreted as a kind of inspective intrinsic exploration (see Birke and Archer, 1983, p. 2).
It has been stated that a certain amount of novelty is rewarding (Wood-Gush and
Vestergaard, 1991) or self-reinforcing to some extent (Boissy et al., 2007). The high amount of
rooting on the concrete floor (II, III) and on sand (I - V) may be attributable to the fact that
more odours remain on the solid floor and in the sand than on the mesh. Hence, a sand floor
provides more novelty than the mesh floor. This was seen especially after the 14-day
deprivation of the sand floor which elicited a high amount of rooting (I). Blue foxes may
consider exploring the sand floor as rewarding to some extent. Instead, mesh floor is relatively
monotonous.
Since rooting was usually observed in between short digging bouts, this behaviour must be
closely related to the digging behaviour. Blue foxes often rooted the sand and thereafter dug on
the sand in the same location. It is likely that rooting was used to direct their digging activities.
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5.2.2.4 Play
In addition to digging and exploration with the muzzle, sand stimulated play behaviour
(III), especially in juvenile blue foxes (II).
It has been suggested that animals first explore a novel object and, thereafter when the
object is found not to be threatening, they will play with the object (piglets: Wood-Gush et al.,
1990; in general: Špinka et al., 2001). Since novelty can elicit play behaviour, it has been
suggested that play is motivationally related to exploration (Wood-Gush and Vestergaard,
1991). There are three characteristics which distinguish play from exploration (Špinka et al.,
2001). First, during exploration the animal learns how to avoid dangerous situations, but during
play the animal learns how to extricate itself from dangerous situations. Second, while
exploring, the animal does not attempt anything “self-handicapping” as happens during play.
Third, play is performed in comfortable and secure situations, whereas exploration can be
associated with fear. Thus, exploration is a serious activity whereas play is a relaxed way to
gain information about the environment.
Since incidence of play behaviour increases after an animal moves between different
environments (Špinka et al., 2001), the relatively high amount of play behaviour on the sand
floor in the test apparatus (II, III) might represent a response to the changed environment along
with the increased amount of exploration. When the foxes had the sand floor freely available,
no increase in play behaviour was found as compared to controls (I, IV) and only the clean sand
floor was preferred for play behaviour instead of the mesh floor in juvenile blue foxes (IV).
Thus, it seems that the foxes play on a sand floor when they have invested some effort in
gaining access to the sand floor, but not if they can gain access to the sand floor easily. This
may be related to the habituation to the stimulus of the sand floor. For example in adult cats, it
has been found that the habituation to the sensory characteristics of the object terminates play
behaviour (Hall et al., 2002). When the sand floor was freely available, the foxes habituated to
the stimulus from the sand floor (I), but not when they could gain access to the sand floor only
in the experimental cage (AU, II, III). On the other hand, when access to the sand floor was
obstructed in some way the foxes entered the sand floor only when highly motivated to do so
and, thus used the sand floor more effectively, first by exploring and thereafter by playing.
Hence, the value of a sand floor must be highly associated with its novelty and the resulting
serious and playful exploration.
A high amount of play behaviour is interpreted as a sign of a good state of welfare. Play
behaviour is considered as a luxury in the animals’ behavioural repertoire, since play behaviour
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is expressed only when other more immediate needs are fulfilled, i.e. the priority of play
behaviour is low (Boissy et al., 2007) and the non-performance of play behaviour does not pose
any immediate threat to fitness to the animal (see Špinka, 2006). For example, wild Arctic fox
cubs play less and rest more when food availability is scarce than when sufficient food is
available (Frafjord, 1992). Play is associated with “opportunity” situation (see Fraser and
Duncan, 1998). Therefore, the increased play behaviour on the sand floor in the test apparatus
(II, III) suggests that the sand floor provided foxes with an opportunity to perform play. Thus,
access to a sand floor may enhance the welfare state of blue foxes.
Figure 11. A blue fox in the mesh floor cage with pebbles carried from the sand floor in I.
The pebbles found in the sand seemed to provide foxes with an occupational material and
stimulate oral activities and oral play (I- IV, see figure 11). This shows that blue foxes were
searching for oral stimulation while on the sand floor. Thus, the value of a sand floor may also
be linked to the oral activities made possible by the pebbles amongst the sand. However, a more
challenging food or other movable objects (e.g. wooden blocks) could stimulate these oral
activities on the farm conditions perhaps as well as access to a sand floor. Farmed blue foxes,
for example, interact with wooden blocks by carrying and gnawing the blocks for up to tens of
times in a day (Korhonen and Niemelä, 2000; Korhonen et al., 2002) and with large bones e.g.
by gnawing and pulling (Koistinen et al., 2009). Also, in the wild, Arctic foxes, especially cubs
carry and play with objects (Frafjord, 1986, 1992).
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5.2.2.5 Eliminative behaviour
Farmed blue foxes tend to urinate and defecate on the sand floor (I; Korhonen et al., 2003)
and not even weekly cleaning can keep the sand floor clean (Unpublished data). The tendency
to eliminate on solid surfaces in captivity (see also Pedersen and Jeppesen, 1992; Mononen,
1996; Korhonen and Niemelä, 2000) may be a sign of the foxes’ need to outline their territory
by scent marking, as Arctic foxes do in the wild (e.g. Eberhardt et al., 1982). Since droppings
fall through the netting, the mesh floor does not enable proper scent marking in the way it can
occur on a sand floor. Thus, blue foxes may value the sand floor as a suitable elimination site.
5.2.2.6 Stereotypies
Although, an increased occurrence of stereotypic activity does not necessarily imply
impaired animal welfare, the incidence of stereotypic activity must always be considered as a
potential indicator of past and/or present suffering (Mason and Latham, 2004), because
stereotypies are expressed only if more natural and presumably more effective activities are
prevented (Mason et al., 2007). Therefore, the occurrence of stereotypic activity was measured
in foxes housed with access to a sand floor and in control foxes without access to the sand (I).
Blue foxes which were housed only on a mesh floor performed more stereotypic activity
than the foxes having access to both a mesh floor and sand floor (I). Thus access to the sand
floor seemed to prevent the development of stereotypies. When interpreted according to the
rationale of Mason et al. (2007), the sand floor possibly enabled expression of more natural or
more effective activities and, therefore stereotypic behavioural patterns did not develop to the
same extent as encountered in foxes without access to the sand floor. A frustration caused by a
deprivation of resources has been shown to lead stereotypic activity. For example, Hughes and
Wood-Gush (1973) report that calcium and sodium deprived hens showed an aberrant air
pecking behaviour.
In earlier sand floor studies, the effect of access to an earth floor on the stereotypic activity
has not been very clear. Less locomotor, but not oral stereotypies were found in blue foxes
having access to an under cage ground floor compared to foxes in the same size mesh cage
without the under cage ground floor (Korhonen et al., 2001a; no appropriate statistics
provided). Less total and locomotor stereotypies were found in an earth floor enclosure (3 × 5
m) than in a same-sized mesh floor enclosure, but in terms of the oral stereotypies, the situation
tended to be the opposite (Korhonen et al., 2001b). The access to an in-cage sand box did not
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affect the frequency of stereotypic activity (Korhonen et al., 2003). Access to a digging plate at
the age of 15 weeks reduced the occurrence of stereotypic activity in foxes without earlier
experience of a digging plate or a sand floor (Korhonen et al., 2004). Furthermore, an increase
in stereotypies was found two days after removing in-cage sand boxes from foxes that had had
access to sand boxes from weaning onwards (Korhonen et al., 2004). The amount of
stereotypies declined back to the pre-deprivation level two weeks after returning the sand boxes
to the fox cages. The lack of consistency in the studies reporting stereotypies may be
attributable to the different experimental designs. In most experiments, also other features of
the housing environment, and not only the floor material, have been varied at the same time.
Therefore, the effect of the earth floor may have been confounded by other factors and the
complicated setups complicate the interpretation of the results. Furthermore, there may have
been differences between the experiments in the definition of stereotypic activity.
Carnivores usually tend to develop more locomotor than oral stereotypies (Mason et al.,
2007). Farmed blue foxes, however, seem to be an exception in this respect, since they tend to
develop more oral rather than locomotor stereotypies (Korhonen et al., 2001a; Wikman, 2004),
if any at all (Ahola et al., 2005; Korhonen et al., 2006). The tendency to develop oral
stereotypies may be attributable to the rather calm temperament of blue foxes. Under farm
conditions, they seem to seek for oral activities, e.g. great interest towards the pebbles found
from a sand floor (I-V). When sufficient oral activities (e.g. more challenging food or activity
object) are not available, oral stereotypies are being encouraged (c.f. Mason et al., 2007).
As was earlier mentioned, also a sand floor provided oral activities, e.g. rooting and the
possibility for manipulating pebbles. Therefore, access to a sand floor may prevent the
development of oral stereotypic activities in farmed blue foxes (I). This interpretation suggests
that access to a sand floor would enhance the welfare of farmed blue foxes. However, also
provision of other objects suitable for oral manipulation, e.g. a wooden block (e.g. Korhonen et
al., 2002) and a bone (Koistinen et al., 2009), can decrease oral stereotypic activity in farmed
blue foxes. In the present experiments, the foxes were not provided with these activity objects.
Blue foxes perform active behaviours on the sand floor, but do not choose a sand floor for
resting. A sand floor provides foxes with an opportunity to perform a more varied behavioural
repertoire than a mesh floor. Some of the behaviours enabled by the sand floor, like digging,
exploration and play in parallel with the diminished amount of stereotypic activity suggest an
enhanced welfare state in blue foxes which have access to a sand floor from a mesh floor.
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5.2.3 Access to sand floor as an environmental enrichment
Environmental enrichment has been defined as a modification in the animals’ environment
that improves the biological functioning of the animal, e.g. health and reproductive success, and
reduces negative emotional states (Newberry, 1995). Another definition states that
environmental enrichment is the modification of the animals’ environment, which increases
positive subjective feelings after all essential requirements of the animal are fulfilled (Duncan
and Olsson, 2001). It has been listed that environmental enrichment should be inexpensive,
practical, i.e. easy to clean or replace, meet animals’ needs (animals interact with it), and pose
no risk to animals and to stockpersons (Baumans, 1997).
A sand floor is a fundamental change in the fox cage. Replacing the mesh floor totally
with a sand floor and also providing access to a sand floor from the mesh cage would represent
expensive cage modifications. It is very difficult to keep the sand floor clean, especially when
frozen at subzero temperatures. Fouled sand floor, in turn, subjects the foxes to an increased
risk of endoparasites (see silver foxes in Reinisalo, 2001), i.e. may compromise the health of
the animals, and cause the furs to be soiled (Korhonen et al., 2003). Thus, a sand floor does not
meet the majority of Baumans’ (1997) criteria for a good environmental enrichment.
However, farmed blue foxes do use the sand floor when it is available (e.g. I) and the
behavioural observations suggest that access to the sand floor stimulate behaviours that have
been used as signs of good state of welfare (II-IV). Thus, a sand floor may provide
environmental enrichment in that it increases positive subjective feelings (see Duncan and
Olsson, 2001), but not in the sense that it improves biological functioning of the animal (see
Newberry, 1995).
A sand floor does not meet the criterion of a feasible environmental enrichment, although
it offers some enrichment value under farm conditions.
5.2.4 Comparison between sand floor and other resources
In V the relative value between the sand floor, platform, wooden block, nest box and extra
space, was compared. Blue foxes were willing to invest a considerable amount of effort in order
to gain access to each of these resources. No unambiguous difference between these resources
was found in the maximum price paid, but the cage use in the experimental apparatus revealed
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differences between the resources. Blue foxes valued the sand floor, wooden block and nest box
more than mere extra space or a platform. The platform was not more valued than the extra
space. No difference between the sand floor, wooden block and nest box could be found other
than the fact that the wooden block was the only one of the resources which all foxes used
regularly.
The reason why true maximum prices could not be measured and the foxes tended to push
the door open with technically highest door weight may lay in the experimental design of V. In
the present design, the foxes had only one resource available at a time in the test cage. In earlier
studies, the maximum prices have been measured for each resource separately (e.g. Hovland et
al., 2006) or simultaneously for several resources (e.g. Cooper and Mason, 2000; Seaman et al.,
2008). If the animal works for several resources simultaneously, the animal can allocate it’s
effort and time budget between various alternatives. As measuring the maximum price for one
resource at a time leaves the animal without choice, the criticism concerning measurement of
price elasticity of demand for one resource at time (see Ladewig and Matthews, 1996; Pedersen
et al., 2005) concern also maximum price index. It seems as the maximum price experiment
should be designed so that the animal works for several resources simultaneously or work for
one resource at a time, but the other resources are freely available.
However, the results of V indicate that the foxes were seeking out any complexity in their
housing environment. Since the increased space, platform, wooden block and nest box fulfil
more of the Baumans’ (1997) criteria for a good environmental enrichment than the sand floor,
the housing environment of farmed blue foxes could possibly be more easily enriched with one
or a few of the more practical resources. However, more research on the relative value between
different resources is needed before one can make any concrete recommendations.
In conclusion, relative value between sand floor and other resources is not clear and
requires further research. A platform, extra space, wooden block and/or nest box can possibly
be used to enrich the housing environment of farmed blue foxes.
5.2.5 Welfare implications of access to a sand floor
The animal’s possibility to fulfil its behavioural needs affects the animal’s welfare. In the
section 2.1.2 there is a list of potential characters that define whether a behaviour pattern should
be named as a behavioural need. In the case of sand floor, all foxes have been observed to
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utilise their access to a sand floor (AU, I-V)(see Vinke, 2004). A periodical deprivation of sand
floor causes increased utilisation of the sand floor (a rebound effect) and prolonged denying of
access to the sand floor seems to lead to a higher incidence of stereotypic activity (e.g. I) (see
Broom and Johnson, 1993). Scratching of the mesh floor may, in some cases, be as a vacuum
activity while true digging is denied (see Hughes and Duncan, 1988). There is no knowledge
whether staying on the sand floor or e.g. digging activity involves dopamine or opioid secretion
in farmed blue foxes (see Spruijt et al., 2001). In short, the sand floor fulfils three of the
criterions of behavioural need, one character is uncertain and there is no knowledge of the fifth
one. Thus, it seems that it affects to the welfare of farmed blue foxes whether they have access
to the sand floor or not.
However, in evaluating the welfare effect of any proposed improvements on the housing of
domestic animals, studies with a wide range of welfare measures must be considered (c.f. e.g.
Broom and Johnson, 1993). Table 3 summarises the scientific data considering the welfare
effects of a sand floor in blue foxes: Although, access to the sand floor has some potentially
detrimental aspects, e.g. an increased risk of parasites (see also Reinisalo, 2001) and impaired
hygiene, no consistent health effect has been detected in blue foxes. It is clear that the furs tend
to become dirty on the sand floor. In the recent studies, the breeding success in earth floor
enclosures has not been promising. No clear differences in any measured physiological welfare
indicators have been found between foxes housed with access to a sand floor and those without
access to a sand floor. Furthermore, at present, the behavioural data fail to indicate
unambiguously that access to a sand floor would be fundamental to enhance the welfare of
juvenile or adult blue foxes born on mesh floor cages.
It is worth noticing that the situation is different in the case of young cubs with small paws
and poorly developed coordination. They have problems in walking on a large meshed floor
(Bakken et al., 1994), and therefore would benefit from a sand floor or any solid floor material.
The foxes with very early experience of a sand floor might, however, value the sand floor more
than foxes born on mesh floor cages, and might suffer later in their life if they were deprived of
access to the sand floor (see Korhonen et al., 2004). Thus, the short period as a cub deserves
separate attention in this respect.
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Table 3. The health, production, physiological and behavioural measurements of the welfare
effects of sand floor in farmed blue foxes. Neutral means that access to the sand floor did not
affect the parameter. See description of the parameters in the Broom and Johnson, 1993 and
Rekilä, 1999. ACTH= Adrenocorticotrophic hormone
Measurement The effect on welfare Reference
Positive Neutral Negative
Health
Parasites xt Korhonen et al., 2003
Mortality x I
Production
Breeding success xa Korhonen and Alasuutari,
1995
xa Malm, 1995
xa Pyykönen et al., 2009
Dirtyness of fur x Korhonen et al., 2003
xb Korhonen et al., 2000
Quality of fur xb Korhonen et al., 2000
x Korhonen et al., 2003
xt Ahola et al., 2009
Physiology
Urine cortisol:
creatinine
xb Korhonen et al., 2000
x Korhonen et al., 2003
Leucocytes x Korhonen et al., 2003
Erythrocytes x Korhonen et al., 2003
Hb xb Korhonen et al., 2000
Other blood parameters x Korhonen et al., 2003
SIH (Stress-induced-
hyperthermia)
xb Korhonen et al., 2000
Organ weight x Korhonen et al., 2003
x Korhonen et al., 2000
Adrenal weight (total) x Korhonen et al., 2000
x Korhonen et al., 2003
x Ahola et al., 2009
ACTH test x Ahola et al., 2009
Growing x Korhonen et al., 2003
Body weight (final) x Korhonen et al., 2003
xb Korhonen et al., 2000
x Ahola et al., 2009
Tibia breaking strength xb Korhonen et al., 2000
Claw length x Korhonen et al., 2003
x Ahola et al., 2009
a = Social context (group housing) may have affected the result
b = No appropriate statistics available (based on comparison between several groups)
c = In the case that the earth floor was the only available floor material
d = In digging activity
e = Complicated cage construction (sand floor under the mesh floor) may have affected the result
t = Tendency (or no statistically significant because of small number on animals)
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Table 3. Continued
Measurement The effect on welfare Reference
Positive Neutral Negative
Behaviour
Preferences xc Korhonen and Niemelä, 1996
xc Korhonen and Niemelä, 1997
xc Korhonen et al., 1999
xc Harri et al., 2000
xc Korhonen et al., 2001a
xc Korhonen et al., 2003
xc I
xc IV
xc V
Demand elasticity x AU
x II
x III
Rebound effect xd Korhonen et al., 2001c
xd Korhonen et al., 2004
x I
Oral stereotypy xb Korhonen et al., 2001a
xt Korhonen et al., 2001b
x I
Locomotor stereotypy xb Korhonen et al., 2001a
x Korhonen et al., 2001b
x I
Total stereotypy x IV
x Korhonen et al., 2003
Play xb Korhonen et al., 2001a
x Korhonen et al., 2001b
x I
x II
x III
x IV
Fearfulness and curiosity
Feeding test xb Korhonen et al., 2000
x Korhonen et al., 2004
Novel object –test x Korhonen et al., 2003
x Korhonen et al., 2004
Open field activity xb Korhonen et al., 2000
x Korhonen et al., 2003
Capture time xbe Korhonen et al., 2000
a = Social context (group housing) may have affected the result
b = No appropriate statistics available (based on comparison between several groups)
c = In the case that the earth floor was the only available floor material
d = In digging activity
e = Complicated cage construction (sand floor under the mesh floor) may have affected the result
t = Tendency (or no statistically significant because of small number on animals)
As an anecdote, already in 1940’s, Superindent C. K. Gunn (1948, p. 13) from the
Experimental Fox Ranch Summerside P.E.I. wrote: “…where fox pups are reared on wire-
bottomed pens they become used to this type of floor early in life and are found to breed better
in such pens than do fox pups reared on board floors or soil bottomed pens. That is, they are
free from parasites and they exercise normally on the wire floors, whereas foxes reared on soil
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or wooden floors take some time to get used to wire floors and do not take as much exercise
when first transferred to wire-bottomed pens.” (In the citation fox evidently means silver fox).
This early statement corresponds to the results of the present thesis and other recent scientific
findings in farmed blue fox.
In the present work, blue foxes were willing to visit all available area (AU, I-V) and
interact with all provided resources, including sand floor (V). The foxes obviously sought some
but not necessarily any particular kind of complexity in their environment. Farmed blue foxes
are curious animals, and they obviously require more environmental stimulation (c.f. Korte et
al., 2007) and challenges (c.f. Morgan and Tromborg, 2007) into the monotonous mesh cage.
The captive environment "should be behaviourally relevant, that is, it should allow for the
development and expression of a normal complement of basic behaviour pattern" (Price, 1999,
p 249). As stated above, a sand floor may not be the best resource to provide this environmental
complexity (enrichment) and challenges in captive blue foxes. Some other resources which can
be manipulated, e.g. even something as simple as a wooden block, could provide a substitute
for the stimulation provided by the sand floor.
Since blue foxes do not avoid moving on the mesh floor, and a sand floor (or even a solid
floor) as the only floor material is not a practical modification to the fox cage, I recommend that
the mesh bottomed fox cage should be first modified by increasing complexity in the
monotonous cage in some ways other than replacing the mesh floor with the sand floor. A
partially solid floor material could be a conceivable option and beneficial to the foxes since it
would encourage some species typical behaviour e.g. sham digging and scent marking. Since
captive blue foxes seem to search for oral activities, provision of more challenging food items
and/or various manipulative objects should be considered, in addition to the recommended
wooden block. To achieve a good level of welfare, the foxes should be provided with a
possibility to control and manipulate their environment.
In conclusion, farmed blue foxes that have been raised on mesh floor from birth, do not
necessarily need contact with a sand floor, but foxes which have once experienced an earth
floor may suffer when access to the sand floor is denied. A sand floor provides a valued
resource to the farmed blue foxes, but a more practical resource might provide an equivalent
substitute to satisfy the animals’ curiosity.
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6. CONCLUSIONS
The present results, in relation to previous data, show that:
1. Regardless of the challenging working environment, techniques of behavioural
economics can be applied to animal welfare studies in farmed blue foxes. Blue foxes
can be readily trained to operate a lever operandum and to open a one-way door.
2. Theoretically, the experimental setup where a fixed number of lever presses is used
as a workload for a fixed reward duration is a good tool to measure price elasticity of
demand. Instead, the experimental setup where one-way doors are used as operant
work represents a more feasible tool to measure maximum price for the first unit of the
resource.
3. Price elasticity of demand and maximum price indices do suffer from some potential
flaws. However, by using proper experimental design and careful interpretation of the
data, the results can be applied to non-experimental conspecifics.
4. The demand for food may not always be an uncomplicated yardstick for the demand
of other resources. The demand for food is dependent on the natural feeding regime of
the species. In the case of V. lagopus, food may not be an optimal yardstick for other
resources, since these animals can tolerate excessive starvation.
5. Farmed blue foxes’ preference between mesh floor and sand floor is dichotomous.
While performing a specific behaviour, the foxes seem to seek out specific features of
the floor material, and therefore prefer the sand floor for certain active behaviours and
the mesh floor for other behaviours, such as resting. In general, however, foxes spend
more time on the mesh floor than on the sand floor.
6. The behavioural and motivation measures suggest that access to the sand floor
stimulates positive subjective feelings. Blue foxes are willing to work to gain access
to a sand floor. Access to the sand floor stimulates play and prevents development of
stereotypic activity, which can be regarded as signs of improved welfare. The activities
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on the sand floor seem more like utilised opportunity than an essential behavioural
requirement. Curiosity is involved in the sand floor use.
7. Digging and rooting are the most notable behaviour encouraged by a sand floor.
Digging is not a regular activity on the sand floor and lasts on average for only a few
minutes in a day, whereas rooting is common activity on the sand floor. Blue foxes do
not effectively defend the daily duration of digging or rooting against increasing
workload. A manipulatable substrate stimulates both digging and rooting, whereas solid
floor stimulate only rooting.
8. The measures of physiological functioning, health and production fail to detect any
consistent effect on blue foxes’ welfare in animals having access to a sand floor.
9. A sand floor provides environmental enrichment to farmed blue foxes, but a sand
floor does not meet the criterion of a practical, feasible and safe enrichment.
10. The enriching features of the sand floor may be able to be substituted with other more
practical occupational materials, like smaller activity objects or materials. Research
is needed to reveal whether other cage constructions or manipulative materials can
substitute for the enrichment value provided by the sand floor.
11. The currently used mesh cage furnished with a resting platform and a wooden block
requires further refinement i.e. new construction design and/or occupational material to
ensure a good level of welfare in farmed blue foxes. New, innovative, affordable,
manipulatable and hygienic objects that could be placed into the current fox cage
should be designed and their effect to the welfare of the foxes should be studied.
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